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“FLYING SAUCERS” 
By A. C. CLARKE, B.Sc., F.R.A.S. 


Some of our members have previously taken us to task for our determined 
scepticism on the subject of “flying saucers’’ or, to use the less controversial 
phrase, “Unidentified Airborne Objects.”’ Let us first be clear on one point— 
there is no “‘official” B.I.S. party-line on the subject, and any views expressed in 
this Journal are purely personal. I would like to clear the air, however (no 
joke intended), by stating my present opinion, and giving some evidence which 
will be new to many members. 

Before going to the United States in the Spring of 1952, I believed that 
flying saucers probably did not exist, but that if they did, they were spaceships. 
As a result of meeting witnesses whose integrity and scientific standing could 
not be doubted, and discussing the matter with many people who had given it 
serious thought, I have now reversed my opinion. I have little doubt that 
U.A.O.’s do exist—and equally little doubt that they are not spaceships! The 
evidence against the latter hypothesis is, in my opinion, quite overwhelming, 
for reasons that are given below. If this explanation is ruled out, however, 
it is hard to see what they can be. Only recently did I come across the classic 
sighting by Maunder at the Greenwich Observatory in 1882 which undoubtedly 
accounts for some of the most spectacular cases and proves the existence of 
phenomena which, a priori, one would not have believed possible. 

I think it must be said at once that there is no single explanation for all 
U.A.O.’s. Even the reports that are left after a thorough weeding-out of 
hoaxes, misinterpretations, etc., vary too much among themselves. And it is 
worth mentioning that misinterpretation is much easier than generally believed, 
even among trained observers. I had a fine example of this while flying in 
broad daylight above Ohio at about ten thousand feet altitude over broken 
cloud. Suddenly I became aware of the fact that a brilliant light was following 
the plane, some miles away and apparently a few thousand feet below, appearing 
and disappearing through gaps in the clouds. It agreed perfectly with some of 
the saucer reports I have read, and I am quite convinced that many observers 
would have been deceived. The illusion was so perfect that it was several 
minutes before I discovered the explanation, and had the clouds closed over 
shortly after the sighting I might not have known to this day what I actually 
saw. 

(To give the reader a chance of thinking it out for himself, the explanation 
is given at the end of this note.) 
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However, let us return to the “genuine” U.A.O.’s for which no explanation 
is available. Two facts, in my opinion, prove almost conclusively that perhaps 
the largest and most representative class are not spaceships. In the first place, 
they have been observed to travel at accelerations which no material body could 
stand. One may postulate a technology which has “‘anti-acceleration’”’ fields, 
but even so there seems no purpose in such violent manoeuvres—which are, 
however, characteristic of purely immaterial phenomena such as optical effects 
and electric discharges. 

The second fact is even more significant. Despite the enormous speeds 
reported, no sounds are ever heard from any U.A.O.’s. As everyone who has 
ever heard a sonic bang will admit, even a small body moving at speed through 
the atmosphere can produce a considerable amount of noise. Some of the 
U.A.O.’s reported would have caused nothing less than concussions that would 
have blasted hundreds of square miles. 

This, in my opinion, leaves no doubt that they are not material bodies. 
Or if they are solid, they must be above the atmosphere—an explanation which 
is ridiculous as it would make the accelerations even more fantastic, and would 
mean that some of the objects were many miles in diameter. 

As is now well-known, attempts have been made (notably by Dr. Menzel) 
to explain U.A.O.’s as a form of mirage—the reflections of bright lights at 
ground level from layers of air. Such mirages are not uncommon in desert 
areas and undoubtedly account for some of the phenomena. (Perhaps the 
famous Lubbock lights, for example.) But they cannot explain them all. 

Nevertheless, the erratic and purposeless behaviour of the phenomena, their 
non-material character, and above all the fact that they have been observed 
in exactly the same form for at least 150 years, suggests overwhelmingly that 
we are dealing with some hitherto unexplained natural occurrence. The 
analogy with fireballs has often occurred to me: here is something which un- 
doubtedly exists, which parallels on a small scale the behaviour of U.A.O.’s, 
and has never been explained. Of course, the fact that U.A.O.’s have been 
seen for so long has been taken as evidence that Earth has been under observa- 
tion for all this time—an hypothesis that cannot be disproved! But it is far 
simpler and more logical to accept the natural explanation. There would 
never have been any scientific progress if people had always accepted the most 
complicated and improbable theories to account for events. 

With this idea in mind, I had for some time been making a desultory search 
of the literature when I came across the Royal Astronomical Society’s publica- 
tion The Observatory, No. 500 (May, 1916, p. 213). For this anniversary issue, 
the well-known astronomer Walter Maunder (who had been secretary of the 
R.A.S. for 1892-7) had been asked to describe the most remarkable phenomenon 
he had ever witnessed in his career as an observer. His mind went back to 
November 17, 1882, to “an experience that stands out from its unlikeness 
to any other.” 

There had been a violent magnetic storm during the day, and as soon as 
dusk fell Maunder—who was then at Greenwich—took up his position on the 
roof of the observatory, where he could have an uninterrupted view of the sky. 
He rightly believed, though it was not proved conclusively until later, that 
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magnetic storms were associated with auroral displays, and hoped to see some- 
thing interesting. He was not disappointed. 

As soon as the sunset hues faded away, a rosy auroral glow spread itself 
over the N.W. and began to exhibit the usual rays. However, at first there 
were no features of special interest. Let Maunder tell the rest of the story:— 

“Then, when the display seemed to be quieting down, a great circular disc 
of greenish light suddenly appeared low down in the E.N.E., as though it had 
just risen, and moved across the sky, as smoothly and steadily as the Sun, 
Moon, stars and planets move, but nearly a thousand times as quickly. The 
circularity of its shape when first seen was merely the effect of foreshortening, 
for aS it moved it lengthened out, and when it crossed the meridian and passed 
just above the Moon its form was almost that of a very elongated ellipse, and 
various observers spoke of it as ‘cigar-shaped,’ ‘like a torpedo,’ or a ‘spindle’ or 
‘shuttle.’ Had the incident occurred a third of a century later, beyond doubt 
everyone would have selected the same simile—it would have been ‘just like a 
Zeppelin.’ [Remember that Maunder was writing in 1916, when Zeppelins 
were very much in the news—even more so than spaceships are to-day!] 
After crossing the meridian its length seemed to contract, and it disappeared 
somewhat to the south of the west point. Its entire passage took less than two 
minutes to complete. 

“T watched for several hours longer, but no repetition of the phenomenon 
occurred. A pale greenish glow fringing the upper edge of the great London 
smoke cloud in the north was observed but showed little, if any, structure or 
movement. . 

“The ‘torpedo,’ on the other hand, was many times brighter than this 
northern glow . . . and it had a clearly defined outline, but a plain and uniform 
surface. The greatest length which it presented was about 30°; its breadth 
was from 2° to 3°. But in colour the light of the ‘torpedo’ was evidently the 
same as that of the auroral glow from the north, and this showed me in the 
spectroscope the familiar auroral line in the ‘citron green.’ . . . 

“This ‘torpedo-shaped’ beam of light was unlike any other celestial object 
I have ever seen. The quality of its light, and its occurrence while a great 
magnetic storm was in progress, seem to establish its auroral origin. . . 

“It appeared to be a definite body, and the inference which some observers 
drew from this was that it was a meteor. . . . But nothing could well be more 
unlike the rush of a great meteor or fireball with its intense radiance and fiery 
train than the steady—though fairly swift—advance of the ‘torpedo.’ There 
was no hint of the compression of the atmosphere before it, no hint that the 
matter composing its front part was in any way more strongly heated than the 
rest of its substance—if substance, indeed, it possessed. The gleam of a search- 
light, focussed on a cloud and swept steadily along it, is a more accurate simile 
for the impression which the appearance produced upon my own mind.” 

This remarkable phenomenon was seen by hundreds of people, and an 
article in the Philosophical Magazine for May, 1883, summarized 26 reliable 
observations, from which it was concluded that the object travelled at 10 miles 
a second and was at an altitude of 133 miles. This would make it at least 50 
miles in length. 
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The great value of this report, which should be better known than it is, is 
that it proves conclusively that a purely natural—yet still completely unex- 
plained—phenomenon can produce such extraordinary effects. If this torpedo 
was seen to-day, there would probably be no way of convincing half the 
population that they had mot seen a spaceship. But Maunder was living at a 
time before saucer-hysteria had made the evaluation of U.A.O.’s as difficult 
as it is to-day, and he was also able, by the spectroscope, to establish the auroral 
nature of the object beyond doubt. (Though we wonder if even the most 
credulous of saucer-addicts would swallow a spaceship 50 miles long!) It 
appears highly probable, therefore, that many of the luminous objects recently 
reported in the sky may have some such origin. However solid, symmetrical 
and artificial U.A.O.’s may appear, that is no proof that Nature is not up to 
one of her little tricks. 

This particular explanation would not account for a number of daylight 
sightings, which one may or may not take seriously. But it should teach us 
to beware of jumping to conclusions about even the most surprising of reports. 

The only thing to do, therefore, is to maintain an open mind until the 
evidence is overwhelming, one way or the other. I consider it still quite 
possible—though unlikely—that U.A.O.’s may turn out to be of intelligent, 
extra-terrestrial origin. But in that event, as was pointed out in a British 
paper recently, they come from a world where scientific progress is very much 
slower than it is here—since the designs have not altered in almost two hundred 
years! Or they may, of course, have reached perfection. 

But if they are artificial, and come from other planets, it is fairly certain 
that they are not spaceships—their non-material nature proves this. They 
will be something very much more sophisticated. 

(My own flying saucer? It turned out not to be fairly close and a short 
distance below, but at ground level and ten or twenty miles away. It Was 
sunlight reflected from a roof or window—yet another example of the total 
impossibility of judging the size and distance of an unfamiliar object.) 
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ROCKET MOTOR TESTING 
By D. Hurpen, B.A. 
(A Paper read to the N.W. Branch at Manchester on December 20, 1952.) 


SUMMARY 


Very little has been published in this country about the testing of rocket motors, and 
as it is a subject of practical interest this paper has been written in an attempt to fill the 
gap. It describes in broad outline the tests applied to such rocket motor components as 
valves, pumps, and turbines, and treats rather more fully the problems of testing combus- 
tion chambers and complete motors. Finally, the flight testing of rockets is touched upon 
and the requirements of production testing are briefly discussed. 


Testing is divided into three phases—development, flight testing, and 
production testing. The field is narrowed down still more by dealing mostly 
with the first phase, less with the second, and hardly at all with the third, which 
is only proper since by the time a rocket is in full production it is not much more 
difficult to test than any other sort of engine. It just has to be run to ensure 
that it has been assembled correctly and to check that it gives its rated per- 
formance. 

Development testing is quite another story. Even now, rocket design is 
inclined to be more of an art than a science, and an idea that looks fine on the 
drawing-board may fail miserably in practice for the most unlikely reason. 
Properly conceived tests are therefore an indispensable aid to the designer, 
and the experimental department has to be prepared to do anything from the 
endurance-testing of individual components to measuring the performance of 
complete motors. 

Component testing is apt to be forgotten in the more spectacular business 
of firing rockets, but, especially if a unit is to be put into an aircraft, each com- 
ponent undergoes rigorous testing before it is included in the motor, and I 
should like to say something about this before going on to deal with the more 
usual aspect of the subject. In a self-contained rocket motor there may be at 
least a dozen different kinds of valve, each of which is made to operate a large 
number of times under its normal working conditions before it is even accepted 
for test-bed running. The number of operations depends on the life of the 
motor for which it is intended: @bviously a valve which operates satisfactorily 
a few hundred times will do for a one-shot motor in a missile, but a valve for 
an aircraft unit may be required to do 10,000 operations. In this casetit is 
found that a device such as that shown in Fig. 1 is most useful; it simply 
provides electrical: impulses at regular intervals which can be varied from a 
fraction of a second to several seconds. These impulses either work the valve 
under test directly or else through an electrical servo-valve. Once started, 
the machine can be left running for hours, and it automatically counts the 
number of operations of the valve. Fig. 2 shows that this is not a waste cf 
time ; the seating of this valve was made from the wrong material, and during 
preliminary testing it was rapidly hammered to pieces. 

Correct choice of material is an important factor in valve design. It is now 
common knowledge that the choice is restricted with fluids such as nitric acid 
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Valve Testing Machine 


Fic. 3. Burnt-out Liquid Oxygen Pump 
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Fic. 2. Part of valve which failed during Endurance Test 


and hydrogen peroxide, but it may not be so widely known that some care has 
to be taken with valves handling comparatively innocuous fluids such as 
mixtures of alcohol and water. Corrosion may occur inside the valve due to 
electrolytic action between dissimilar metals, and it has to be examined for 
signs of this after a reasonable time in service. This is almost a'job for the 
laboratory, but in any case it calls for close co-operation between the test staff 
and the laboratory. 

Valves are the components which are most likely to be overlooked, but 
pumps and turbines often seem to be taken for granted by people not connected 
with the rocket industry. Unfortunately it is not quite as easy as that. A 
rocket motor is apt to be a kind of engineering conjuring trick in which the 
properties of materials and components are used to their utmost limits. In 
one part of an oxygen-alcohol motor there may be a highly-stressed component 
at —180°C., while not far away is another highly-stressed part over which 
somebody has taken great pains to prevent it from melting. Rocket motor 
pumps are often examples of the pump-designer’s art carried to extremes. 
They run at high speeds, perhaps delivering large volumes of a highly corrosive 
liquid at high pressure, and the smaller they can be made the better it suits the 
designer. It is always risky to make predictions for extreme cases, and it is 
very desirable to test pumps thoroughly before they are used as intended. 
Full-speed tests in a hydraulics laboratory with the pump delivering water 
enable characteristic curves to be plotted from which the efficiency can be 
compared with the design figure. Such tests are also extremely valuable for 
assessing bearings and shaft seals since these may be run at speeds much above 
those recommended by the makers. It must be remembered that a rocket 
motor may have a life of only a few hours, and a pump which can be guaranteed 
to run for twice this length of time may be acceptable, although quite hopeless 
from a more orthodox engineering point of view. The performance tests are 
not remarkable in any way except perhaps that the problem of measuring 
accurately the power absorbed by a pump running at 30,000 r.p.m. or so 
demands a little thought for its solution. Perhaps the most straightforward 
way is to mount the pump casing so that it can rotate freely and then measure 
the torque required to hold it. 
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Fic. 5. Spray Test of Injector (‘‘Dense”’ spray) 
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As well as water tests it is desirable to run a few tests in which the proper 
fluid is pumped as this can have unforeseen effects. Fig. 3 shows the effect of 
the wrong choice of materials for a liquid oxygen pump; this happened during 
an oxygen test. Apparently a bearing failure allowed the whole pump shaft 
to move forward so that the impeller rubbed on the casing. Both parts were 
made of aluminium alloy, and the rubbing not only produced aluminium powder 
but also generated heat which vaporized some of the oxygen and ignited the 
powder. The pump exploded with a brilliant white flash and was picked up 
in the condition illustrated. As a result of this experience the materials of the 
impeller and the casing were changed, and when a bearing failed during a 
subsequent test the pump continued to run quite happily with the axial load 
carried by the impeller instead of the bearing. In fact, the failure was not 
discovered until the pump was stripped for a routine inspection. 

Rocket turbines create similar problems, only their initial testing is rather 
more hazardous. They may be accidentally overspeeded and the turbine disc 
may burst. Also, they are driven by a jet of gas produced by some sort of 
combustion device or by chemical dissociation. The combustion type of gas 
generator works by burning a small quantity of the rocket propellants ina 
suitable combustion chamber and then injecting either water or an excess of 
one of the propellants which is vaporized by the hot combustion gases. After 
adequate mixing, the resulting vapour at the desired temperature and pressure 
is fed to the turbine nozzle. Such a gas generator may very well require con- 
siderable development on its own account before being harnessed to the 
turbine, and to test it properly is as difficult as testing the rocket combustion 
chamber itself although on a much smaller scale. 

Before we discuss the testing of the combustion chamber, let us consider 
briefly two of its essential components, the injector and the igniter. Dozens, 
perhaps hundreds, of kinds of injector have been devised, but the only real test 
of their success is how they behave during a firing. Nevertheless, quite a lot 
can be learnt about them before they are run by flowing water through them. 
Some idea can be gained of the distribution of liquid in the spray, often just by 
looking at it. For instance it is possible to tell even from the two photographs 
(Figs. 4 and 5) that one spray is annular in section while the other one has a 
very dense core. Now commonsense may be wrong, but in the absence of 
more experience it would be eminently sensible to suppose that the spray 
density should be uniform across the combusion chamber, and for this reason 
the two injectors illustrated would be rejected. A more accurate idea is given 
by collecting a sample in a honeycombed vessel such as that shown in Fig. 6. 
This is exposed to the spray for a given time and is then removed for analysis. 
The quantity of liquid collected in each cell is roughly proportional to the 
density of the spray in that spot, while if the injector is intended to spray both 
fuel and oxidizer, and if different liquids are sprayed from each part of the 
injector on test, it is quite easy to devise a method of plotting the mixture 
ratio across the spray. For instance, one liquid could be plain water and the 
other could be paraffin, brine, or coloured water; then the mixture ratio in 
each cell could be determined by inspection, or by measuring its specific 
gravity, or by colorimetric comparison. By using some such technique an 
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Fic. 6. Sampling can for Injector Spray Analysis. 





Fic. 7. Liquid Propellant Ignitor Test Rig. 
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injector can be developed to distribute the propellants across the combustion 
chamber as the designer wants. 

Turning now to ignitors, several kinds have been devised to meet different 
requirements. The rig shown in Fig. 7 was built to test small ignitor chambers 
burning the main rocket propellants and lit by a sparking plug. It consisted 
of two pressurized tanks and the valves necessary to control the flow of propel- 
lants into the ignitor. In this case, testing merely established whether or not 
the ignitor worked, and if so, what its combustion pressure was. 

It is in testing combustion chambers that the most pains have to be taken. 
Before we discuss this, let us for a moment consider the specific weights of a 
few engines, that is, their weights per pound of thrust. 


Engine Specific Weight 
Nene .. - “ 0-310 
Sapphire és ss 0-308 
Walter 109-509 is 0-104 
Snarler as et 0-107 


From this it can be seen that the specific weight of a rocket engine may only be 
a third or even a quarter of that of a gas turbine engine, but in order to get a 
high performance from such a small power plant, fairly potent propellants must 
be used. However these propellants are fed into the combustion chamber—by 
pumps or from pressurized tanks—there is some element of risk in developing 
sound engineering methods of handling them and personnel must be protected 
from this risk. This consideration very largely affects the way in which 
combustion chambers have to be tested. Before I discuss this in more detail, 
let us consider what we want to find out. 

We need both qualitative and quantitative information. Qualitatively, 
we want to know if the rocket starts smoothly, whether it will continue to run 
or burn out; if it runs, whether it runs smoothly or roughly and what the flame 
looks like. When we have established that it will run for a reasonable time, we 
want to know more about it—its thrust, pressures, specific impulse and so on. 
These quantities are quite easily found; it is when peculiarities in its behaviour 
are observed and have to be explained that testing can become complicated. 
However, just to get the qualitative part of our information we only need some 
kind of test-bed on which the rocket can be mounted and run and a point from 
which it can be controlled and observed. 

It is very difficult to find a good place for a rocket test station, at any rate 
in this country. Rockets make a good deal of noise when they are running 
properly, and during the early stages of development explosions are apt to 
occur as well, so an isolated site is desirable to avoid too many complaints from 
local residents. On the other hand, power has to be available, large quantities 
of water may be needed for washing away spilt propellants, and efficient trans- 
port and communications have to be provided, so some compromise has to be 
found. 

When a suitable place has been tound which effectively prevents interference 
either to or from outsiders, the test personnel have to be protected. For them 
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Fic. 8. Part of Ciné-camera record of a rocket firing. 
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there are generally two lines of defence. Except in the case of very large motors 
when it may not be practicable, the rocket itself is run in a strong cell with an 
open end for the exhaust. The observers themselves are in a strongly reinforced 
control room separated from the test cell. This method of protection makes it 
difficult to observe the rocket since direct observation through windows cannot 
be allowed as the windows would be weak spots in the defences. Indirect 
viewing by simple mirrors is not generally satisfactory as they are very easily 
shaken and close observation is not usually possible. Periscopes can be made 
robust and are very useful. A more modern solution is provided by closed- 
circuit television such as that used for televising surgical operations. Whether 
the camera could withstand vibration from the rocket is open to doubt, but 
the method is alleged to have been used in America. 

However, as I have already said, observation is only part of the story. 
Quantitative results have to be obtained, and it is not as easy to measure the 
performance of a rocket as it is to test other types of engine. Whereas a gas 
turbine, for instance, may run for hours, a fair test of a rocket motor may last 
for only a minute. During that time all the essential information has to be 
collected. There are two common ways of doing this: either all the instruments 
may be grouped together and photographed during the test with a cine-camera 
or else each instrument may be made to write its own record. Both methods 
are good and the choice is largely personal. 
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Fic. 9. Methods of thrust measurement. 


Coming to the instruments themselves, a thrustmeter of some kind is ob- 
viously necessary. Fig. 9 shows two possible ways of measuring thrust. In 
one, the rocket is mounted on a swinging frame which is prevented from moving 
by a kind of hydraulic buffer. Obviously the pressure on the hydraulic fluid 
will vary directly with the thrust, so if a pressure gauge is connected to the 
buffer it can be used as a thrustmeter and photographed by the cine-camera. 
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In the second method the rocket is mounted on a low carriage free to run. on 
rails and anchored by a link consisting of a strong spring balance. The pointer 
of this balance carries a stylus which marks a moving roll of paper and in this 
way draws its own thrust-time curve. Of course, the methods of mounting 
the rocket and recording the thrust may be interchanged. 

To determine the specific impulse we need to know thc propellant flows, 
which may be difficult to measure in the case of liquids like nitric acid or 
liquid oxygen when they are pumped at high pressure. Various specialized 
devices have been made such as the remote-indicating liquid oxygen flowmeter 
shown here (Fig. 10). Of course, a very simple way which can often be used 
is to weigh the tanks and to record the rate of change of weight by means of 
the ciné-camera. 

Last of the essential instruments comes an assortment of pressure gauges 
to measure pressures at various critical stages of the motor. If these are 
run into the control room it is desirable to use the capillary type of gauge to 
avoid spraying personnel with hot gases or unpleasant fluids in the event of a 
gauge failure. 

So far the quantities measured have all been fairly straightforward. Com- 
plications set in when special investigations have to be undertaken. To illu- 
strate this, let us consider two problems which are in fact imaginary but which 
are both quite typical (except perhaps that they are more clearly defined than 
most problems set to a rocket engineer). First, let us suppose that a programme 
of firings of an acid-petrol motor has been upset by two explosions which have 
occurred on starting. Now explosions on starting are often, although not 
always, due to delayed ignition or delayed arrival of one of the propellants, 
so in this case it might be a good idea first to investigate in detail the rate at 
which pressure builds up in the ignitor and injector. It is not usually good 
enough to use a ciné-camera to photograph the appropriate pressure gauges 
since there is often a delay of a second or so before a gauge records the rise in 
pressure. It is a similar problem to plotting the rise of pressure in the cylinder 
of a high-speed internal combustion engine, and the same means of solution 
may be employed. Pressure-sensitive electrical pick-ups are placed at strategic 
points and their outputs are fed into a multi-channel cathode-ray oscilloscope 
whose trace is photographed with a high-speed camera. In this way the exact 
timing of events can be established. The same technique can be used for meas- 
uring all kinds of transients; for instance, strain gauges connected to a C.R.O. 
have been used to measure the peak thrust which may be given when a rocket 
starts—this may be important in designing the mounting of the unit in a missile 
or an aircraft. A typical record is shown in Fig. 11. 

The second failure which we will suppose to have occurred is the collapse 
of a combustion chamber nozzle during a firing. This does occasionally happen 
because it is not easy to stress an expansion nozzle. Not only does the pressure 
difference across its wall vary down its length but the temperature of the 
metal (on which depends its strength) is not very amenable to calculation. It 
is, however, possible to make fairly accurate measurements of heat transfer 
across the wall and of wall temperature but it requires some ingenuity. The 
heat input to the coolant can be measured quite easily by thermocouples, but 
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Fic. 11. Strain-gauge measurements of rocket thrust transients. 


it is difficult, though not impossible, to fit thermocouples in the chamber wall. 
In the first place the metal is thin and it is not easy to be sure at just what 
point the temperature is being measured, and to complicate matters still 
further the thermocouple leads have to be led through the coolant in such a 
way that the results are not rendered inaccurate by thermal conduction along 
them. 

When all the components have been tested more or less to the engineers’ 
satisfaction, they can be assembled on the test-bed in their correct relative 
positions and run as a complete motor. With luck it may run first time, but 
it is far more likely that hours will be spent hunting the most unlikely troubles. 
When a complete motor is assembled for the first time, a fault in one component 
may cause trouble in something apparently quite unrelated. An excellent 
example was provided by one motor which ran normally several times; then, 
on its next run, the thrust control valve failed to work. This valve was oper- 
ated by compressed air, and it was eventually found that drains from several 
valves were led into a common pipe through which fuel was jettisoned for a 
few seconds on starting. This pipe had been made too small and the resulting 
back-pressure in it had forced fuel up the drains, into the valves, and thence 
into the compressed air system where it had attacked a seal on the operating 
piston of the thrust control valve. 

Eventually the last phase of development starts. For an aircraft motor this 
consists of a large number of runs under all conditions at which the unit is 
expected to operate. It must complete all these runs flawlessly, and when it 
has done so the time when it could only be run in an armoured cell is over. It 
is about to be put into an aircraft flown by a pilot who must have absolute 
confidence in it. Much of his confidence is inspired by the behaviour of the 
test engineers who should be prepared to stand beside the motor while it is 
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Fic. 12. Specimen record made by camera used for rocket motor flight-testing. 


running. How close to it they actually go is generally governed by the amount 
of noise they can stand—near the jet the noise generally exceeds the threshold 
of pain. However, it is nearly as convincing to stand a few yards away entirely 
unprotected by concrete as it would be to pat the combustion chamber while 
it is running! : 

The second phase of testing has to be done in flight. A rocket motor can 
be tested thoroughly on the ground but there are many things that it is easier 
to find out by flying it. For instance, the thrust of a rocket increases with 
altitude, and although the increase can be calculated it is useful to be able to 
check the calculations by direct measurement. Again, the low ambient pres- 
sures at high altitudes may affect the working of the propellant pumps, since, 
unless the tanks are pressurized, the pressure in the pump suction pipe will then 
approach the vapour pressure of the propellants, a condition which may lead 
to cavitation in the pump inlet, while any devices that have been invented to 
allow the pumps to work even when the tanks are upside-down have to be tried. 
All this is probably easier to do for an aircraft than a missile, since the pilot can 
give an account of the flight either afterwards or by radio, while space can gener- 
ally be found to group essential instruments where they can be photographed 
at intervals to provide a record of the performance of the rocket (Fig. 12). 

It is a different matter to get details of the performance of a rocket motor in 
a missile. The engineers have to depend entirely on what the instruments can 
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tell them, so the instrumentation may be more elaborate. Also it is not likely 
to be good enough to photograph the instruments since the missile may reach 
a great height from which the camera would have to be brought down again. 
Even if it were found, it might be damaged and the film record spoilt, so the 
results are generally telemetered. The quantities to be measured are turned 
into electrical signals which are fed into a transmitter in the missile and broad- 
cast to ground. The signals received by the ground station are plotted in some 
form which can be interpreted to give the desired results. 

A number of flights will be needed to assess the potentialities of a rocket 
motor. If these seem to be good, presumably the motor will go into production. 
Now production testing has not yet been undertaken in this country although 
several German motors went into full production. The next few remarks 
are therefore speculation on my part, and it must be remembered that I 
may have a different outlook from the German engineers. It seems that the 
object of production testing is (a) to check that the motor functions properly 
and (b) to make sure that it gives its rated performance. It is true that func- 
tioning can very often be checked by flowing water through the unit, but there 
is always a possibility that a mistake may have been made during assembiy 
that will show up only when the motor is run. This should not happen with 
proper inspection control, but, for example, some grease might accidently be 
put into a hydrogen peroxide or liquid oxygen pump, and this would almost 
certainly be discovered during a proof test before the motor was despatched. 
For this reason it is probably wise to design production test-beds to withstand 
occasional fires and minor explosions. Instrumentation of such test-beds 
need only be very simple, since a thrustmeter, flowmeters, and one or two 
pressure gauges will tell all that needs to be known about the performance of 
the motor. 

This paper has been entirely descriptive and deliberately so. Dozens of 
papers are written each year on theoretical aspects of rocketry and these are 
almost all concerned with improving the efficiency of the power plant. Their 
authors tacitly assume that they have a working rocket motor to start with. 
In this paper I have tried to give some idea of the work of the men whose job 
it is not only to make rockets work but to make them work safely, and I should 
like to express my thanks both to the Ministry of Supply and to the Technical 
Director of Armstrong Siddeley Motors, Ltd., for permission to read it. 
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THE EVOLUTION OF LIFE IN THE 
UNIVERSE 


A Report of Professor Bernal’s lecture to the British Interplanetary Society 
in London on November 8, 1952. 

Professor J. D. Bernal, who lectured to the Society on “The Evolution of 
Life in the Universe,” was introduced by the Chairman, Mr. Arthur C. Clarke, 
as Professor of Physics at Birkbeck College and author of such books as The 
Social Functions of Science and that astonishing work of scientific prophecy, 
The World, the Flesh and the Devil. 

Life, said Professor Bernal, affects at least one planet and may affect a very 
large number of planets. When we get to the others, we may re-form our ideas 
about life on this one. But the scope of our knowledge about life is so different 
from what we know about matter that we should talk of the “biography”’ of life 
rather than the “‘biology.”’ 

In searching for a general definition of life which will apply universally, and 
not only on the Earth, one finds certain things peculiar to it, such as cycles of 
chemical changes involving a number of small energy jumps. These must be 
common to all life. Nevertheless, there are certain similarities in the evolution 
of our ideas about life and about matter. Just as Aristotle maintained that 
every species had always existed with its own peculiar characteristics, so at 
the end of the nineteenth century it was thought that the 92 chemical elements 
had similarly been differentiated since the beginning of things. But now we 
know that even the chemical elements have had their history, just as all living 
things were evolved from a single beginning. The nature of matter can only 
be studied if we study the history of matter at the same time, and the same 
applies to our study of life. 

It was Professor Bernal’s interest in the chemistry of proteins that led him 
to speculate about the origin of life. When we look into the structure of a 
protein, he said, we find it both complicated and peculiar. The “paper chro- 
matographers”’ can discover the order in which amino-acids occur in proteins; 
they find that the Book of Life is written in an alphabet, of which each unit, 
which is an amino-acid, can be regarded as a letter, while the proteins build 
up the sentences, and organisms are chapters or whole books. Even religion 
does not claim that the actual letters in the Bible are divine; they have a 
history of their own. 

Similarly, living molecules must have a history too, which, Professor Bernal 
said, he was trying to write backwards. For instance, we have three or four 
major types of biological molecules. Sugar, of which glucose is the fundamental 
‘ form, is one; it is a major fuel for the whole of life, which is carried on by the 
burning of glucose. Proteins form another type; they are really the jigs on 
which other molecules are built. The tools which keep things circulating, and 
make possible the business of getting on with life, are triple combinations of a 
pyrimidine or purine, a sugar, and phosphoric acid; the last is needed wherever 
there are energy exchanges. These also make up the nucleic acids, which are 
always present where reproduction or growth is occurring. 
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Has this necessarily always been so? That is, which came first, the hen or 
the egg? The problem is that every protein we know was made by another 
protein. We cannot get the answer from biochemistry, but must start at the 
other end and look for an inorganic origin of life on the Earth. 

What was the Earth like before life arose on it? There could have been no 
soil, since soil is a complicated organic substance and constitutes the main body 
of living matter on the Earth. Also, we have no sure knowledge about the air, 
the water or the sea at the time when life first arose. 

We have to ask, what is the origin of the Earth itself? At the moment 
there are violent controversies about this question. Last year Dr. Jeffreys gave 
an amusing account of the various theories. Roughly, there are two of them, 
the “‘hot”’ and the ‘‘cold.”” The “hot” theory is that the Earth was originally 
a little bit of the Sun; it has been criticized on dynamic grounds. But the 
“cold’’ theory is not much better off—the theory that the Earth was built up 
by accumulation of dust; it has been proposed by both Urey in the U.S.A. and 
Schmitt in the U.S.S.R., though it is doubtful whether they read each other’s 
works. 

Professor Bernal thought that all the present theories were wrong. No one 
person knows enough about. the matter. To produce a satisfactory theory, one 
would have to be a celestial mechanician, an electrodynamicist, a thermo- 
dynamicist, a physical chemist, a cosmic mineralogist and several other things. 
It is necessary to get all these people to work together; for by banging their 
heads together we might get some kind of answer. 

The geophysics and geochemistry of the primitive Earth was next discussed 
by Professor Bernal. On top would be a layer of fairly acid silicates, which 
would be subjeeted to rather slow disturbance except during earthquakes. Then, 
corresponding to tie troposphere in the air, there is a geotroposphere in which 
the matter is repeatedly working round and round: in the past 4,000 million 
years it has been churned up two or three hundred times. This fact is important 
in relation to the origin of life. Rocks are worn down into the sea; damp 
sediments are squeezed and distorted and fall into the furnaces below; the water 
is boiled off; then up they come again. The energy which drives this process is 
radioactivity. 

Discussing the evolution of the atmosphere, Professor Bernal said that out 
of volcanoes comes mostly water; also carbon dioxide, sulphur, ammonia, etc. 
Why are the rare atmospheric gases rare? Their rareness cannot be primitive, 
for there is nothing special about their nuclei that should make them so, and 
therefore their history must account for it. Nitrogen, which forms most of our 
present atmosphere, exists mostly on the surface of the Earth. 

The reason the inner planets are small is that the more volatile stuff has been 
boiled off them. The primitive atmosphere has been lost. It was mostly 
hydrogen. What came next came out of volcanoes; oxygen does not and 
cannot occur in its free state because of its reactivity. It requires life to 
release and regenerate it. A possible source of oxygen could be from decompo- 
sition of water at the top of the atmosphere, but the process must be slow. 
On our Earth there would be a certain amount of nitrogen, carbon dioxide, 
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ammonia and minor gases such as hydrogen sulphide; but all the ammonia 
and most of the carbon dioxide would be taken up by the water. 

But the interesting point is not the atmosphere but the hydrosphere. The 
latter consists of free water, such as in rivers and the sea, and bound water, as 
in mud, where its properties are very different. For example water in mud has 
a far lower dielectric constant than in the free state. 

There are two basic low energy oxidations for all living processes: the 
oxidation of ferrous to ferric iron, and of sulphydry] to disulphide (and of the 
corresponding reductions). Some bacteria use the sulphur one, while we use 
the iron—for example, we have iron in our blood. So our suspicion that life 
arose from non-living matter is strengthened by the presumption that early 
life took over these mechanisms, which were already working before life 
appeared. But the speed of these reactions though not their energy can be 
increased by certain dodges by which living processes can get from one to the 
other. Life consists of finding out more and more ingenious ways of carrying 
on these reactions. 

Referring to the question whether new life could arise from inorganic matter 
even to-day, Professor Bernal quoted Darwin, who said that any new protein 
which appeared would be instantly devoured by living organisms already present. 
Darwin did not, however, know that the presence of oxygen in the atmosphere 
has now resulted in a screen of ozone in the upper air; this cuts off the short- 
wave radiation from the sun which originally reached the earth and built up 
living molecules in the first place. 

There were other clues worth following besides those he had already men- 
tioned. Blood, sweat and tears are all salt; in fact, the tissue fluids of all 
animals are salt, which suggests that they came out of the sea. Moreover, the 
salt in animal fluids is mainly a sodium salt, whereas plants contain potassium 
in preference to sodium. So, if the sodium came from the sea, potassium must 
have got into living tissues before they entered the sea. Sea has very little 
potassium in it ; the potassium is nearly all eaten up. On the other hand, sodium 
and potassium exist in almost equal quantities in the primary igneous rock. 
Glauconite (greensand) also contains potassium; this is an independent clue. 

Professor Bernal now came to a theory which he has made especially his own: 
the idea that the first living molecule was built up on a surface of wet, muddy 
clay. Mud is deposited in estuaries: at each turn of the tide a little of it drops 
and sticks. In the days before life appeared, mudbanks remained mudbanks, 
for no grass grew upon them. Organic chemicals are easily absorbed on to such 
a surface, and could interact and form more complex compounds, until a 
catalyst is formed which can produce itself. When such an organic 
catalyst, or enzyme as it is called, acts as a jig and produces something which 
can produce another something, and so on, the result is life. 

Russian scientists have set up a Department of Cosmobiology to study the 
evidences of biological activity on other planets, and Professor Bernal prophesied 
that the biology of the future would not be confined to our own planet, but would 
take on the character of cosmobiology. When members of the Society started 
going to Mars, it would be interesting to see what resemblances and differences 
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there were between life forms on the two planets; the chemistry of Martian life 
might be such that we should find it uneatable. 

In the galaxy there must be planets at different stages of development, just 
as are the various animal and plant species on this Earth. It is not only here 
that we can learn about life: ‘The history and origin of life,” Professor Bernal 
concluded, “‘is also written in the sky.”’ 


Discussion 

The Chairman, Mr. A. C. Clarke, in throwing open the meeting for discussion, 
took up one of Professor Bernal’s last points and made the comforting suggestion 
that, “if we cannot eat anything we find on Mars, the reverse may also be true.” 

Answering a question on the origin of animals, Professor Bernal said that 
they cannot make sugar, for instance, but can only eat it, so they must be able 
to move on to a new supply. To begin with, anywhere else is a good feeding- 
ground when the immediate environment is exhausted, but later they must be 
more selective and learn to go in the right direction. At a still later stage they 
would not wait for the other animal to die, but would attack it first. 

Brownian movement, mentioned by a questioner, came at a later stage than 
that dealt with in the lecture; the smallest forms of early life would be favoured 
by it. Incidentally, the earliest stage of life may have been collective, not 
individual. 

Answering a question from Mr. G. V. E. Thompson about viruses, Professor 
Bernal said that a virus is a crystal, absolutely regular inside—a nucleoprotein. 
Such an object may really be only the virus spore, but viruses have not yet been 
seen inside a cell. He considered that viruses were not primitive organisms 
intermediate between living and non-living matter, but complex organisms that 
had degenerated into parasitism. 

Concerning the effects of civilisation: just as life had altered the original 
conditions on this planet, so civilization has now altered conditions so that 
any changes in the future will be directed changes. 

Could plants develop some form of intelligence? Some of them, e.g. sensitive 
plants like the Venus Fly-trap, employ neat dodges, but this is only a very low 
form of intelligence. The so-called nervous system of plants is not like that of 
animals, in which electric phenomena accompany the transmission of impulses. 

Mr. Clarke wanted to know if there was any possibility of life being based 
on other elements than carbon, and also if there were any substitutes for water, 
e.g. ammonia. Professor Bernal replied that it was a matter of definition. The 
only kinds of molecules likely to be useful are those of which an atom can get 
hold of one to four of them. Silicon atoms interact at high temperatures— 
800-1,100° C., where they are stable, but he was not optimistic about “silicon 
life.” He was afraid that fitness for environment does limit the extent of life. 

It is through water that all the changes in life take place. Water limits life 
to temperatures not greater than 50° C.; there is no definite lower limit, but at 
low temperatures life is very, very slow. 

Radio-activity, mentioned by another questioner, plays no direct part in life; 
it may have had a considerable effect in producing variety through mutations. 

Crystals do not fit into the definition of life; a crystal performs only one 
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reaction, not several. But a crystal does catalyse its own growth which. is a 
characteristic of life. 

In answer to Mr. R. A. Smith, Professor Bernal said that any planet with a 
mean temperature of 0-33° C. will have life on it. He would expect every 
planetary system to have some life on it, whenever a particular planet was at 
the right distance from its sun. Other planets would, like the Earth, produce 
a large variety of living forms, and it would be very interesting to see how far 
there were basic similarities with our own. A. E. SLATER. 


THE FOOD AND ATMOSPHERE CONTROL 
PROBLEM ON SPACE VESSELS 


Part I: CHEMICAL PURIFICATION OF AIR 


By NorMAN J. BowMan, Pu.D. 


SUMMARY 


The removal of water from the air may be readily carried out by means of a small 
refrigeration unit. The removal of carbon dioxide, however, by a combination of refrigera- 
tion and compression, is not attractive because of the large quantities of air that must be 
processed to keep the concentration of CO, below 0-2 per cent. The use of calcium oxide 
to remove both water and CO, and the regeneration of the reagent by heating the carbonate 
is feasible in trips longer than 8 days. For shorter trips, because of the weight of the 
regeneration furnace required, it will be preferable to use a non-regenerative chemical 
agent, probably lithium oxide. 


Introduction 

Astronauts may look forward, in the not too distant future, to the successful 
establishment of an Earth-satellite space-station. From this platform in the 
sky as a spring board, space flight will become a reality in due course. There 
are many problems which will beset the astronaut both on extended space 
flights and in the space-station, among these being matters of food, water and 
atmosphere control. It is to be hoped that it will not prove necessary to 
bring all of the required food and oxygen from the Earth, as with our present 
fuels, the payloads of our supply rockets will be pitifully small as it is, and to 
furnish an unending supply of food in large quantitiey will be an impossible 
situation. Someday the successful direct application of nuclear fission to a 
rocket drive may raise payloads to the point where the weight of food and 
oxygen are of little concern, but in the more immediate future, however, they 
are of critical importance. 

Many schemes have been proposed for atmosphere control and it is generally 
accepted that suitable techniques can be worked out quickly when needed. 
These will involve removal of water and carbon dioxide from the air and 
replenishment of the oxygen. Most of the methods by which this can be done 
require power, and for the purpose of this paper it is assumed that a constant 
low level source of power is available in the form of a thermal nuclear reactor. 
This will meet the total power requirements of the rocket for purposes other 
than propulsion and the methods developed in this paper will constitute only 
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a small incremental drain. The use of solar power is an alternative possibility 
to furnish non-propulsion power needs. 


Refrigeration Methods 


Water can be readily removed from the air by refrigeration. If we desire 
to maintain a relative humidity of 70 per cent. at normal room temperature, 
the air will have to be cooled about 15° to reach saturation. Further cooling 
will cause condensation of water which can be collected for re-use. One man 
exhales about one liquid pint of water a day or 0-5 kgm.!»3.4* This is a rather 
small amount and a refrigeration unit weighing about 25 kgm. can be designed 
with sufficient capacity to remove the moisture put into the air by five men. 
This appears to be a very reasonable method for removal of water and will 
require little power. It will not disturb appreciably the temperature balance 
of the rocket as, while the air is cooled in one part of the cycle, heat is liberated 
in the compression phase of the cycle of the coolant liquid. 

There is a possibility of using the near-perfect vacuum of space to produce 
cooling by expansion of gas, but this involves considerable loss of mass from 
the rocket. This is probably undesirable in any case, but for a completely 
closed carbon, hydrogen and oxygen cycle as will be developed in this paper, 
it is out of the question. There are other ways in which energy may be lost 
and this loss used for cooling purposes. Conduction and convection, the 
common means of heat transfer on earth, are impossible in space because they 
involve transfer of energy to material particles of surrounding matter. Suf- 
ficient numbers of such particles do not exist in space. This leaves only energy 
radiation as a useful method for space vessels. It is probable that the tempera- 
ture control of the rocket will be maintained by this method and it is possible 
that as part of this overall picture, refrigeration within the vessel may be 
carried out. However, this is beyond the scope of the present study. Chemical 
removal of water from the air is possible and will be considered in connection 
with the problem of carbon dioxide removal. 

The removal of carbon dioxide from the atmosphere of a space vessel 
constitutes a more difficult problem. While it is possible to endure air saturated 
with water, the tolerable limits of carbon dioxide are much lower. The maxi- 
mum which may be comfortably withstood is about 0-3 per cent. by volume.® 
This is ten times the normal concentration in air and anything in excess of this 
will produce laboured breathing, headaches and if greatly exceeded, even 
death. The average man will exhale about one kilogram of carbon dioxide 

* There is considerable variation among authorities on the quantities of water and CO, 
exhaled and the amount of oxygen consumed. The value of one pint-of water/man 
/day is generally accepted in standard American books on physiology. The figures for 
CO, depend, of course, on degree of activity but even so considerable differences of opinion 
are to be found. The value of one kilogram/man/day for moderate activity appears 
to be most generally accepted.*:* Greatest discrepancy of all is to be found in values for 
consumption of oxygen. For moderate activity values ranging from 300 to as much as 
750 ml./minute can be found. These extremes represent 550 grams and 1,380 grams 
/day respectively. An intermediate value of 1,000 grams has been taken although this 
is lower than the most recent values of Specht.‘ His value of 1,200 appears somewhat 
higher than the average of other authorities. Since the higher the oxygen requirement 


the more favourable will the proposals of this paper appear, a lower value has been used 
to avoid over-optimism. 











120 NORMAN J. BOWMAN 





a day and we have thus a problem of rapid removal of sizeable quantities at 
low concentrations. The normal boiling point of carbon dioxide is —78° C., 
but it can be liquified at as high as 31° C. under a pressure of about 1,000 pounds 
per square inch. A combination of refrigeration and compression may thus 
offer a practical solution to the problem of carbon dioxide removal. 

This scheme would, in addition, remove moisture from the air, so that there 
would be no duplication of the refrigeration unit previously postulated for water 
removal. Allowing a maximum concentration of 0-2 per cent. or 0-0024 
grams/litre, daily, removal of one kilogram of carbon dioxide would require 
the processing of 400,000 litres of air, assuming complete removal. This is 
about 10 cubic feet per minute per man—which is considerable. The removal 
of carbon dioxide by compression and refrigeration appears less satisfactory 
in terms of weight of equipment than other methods available. 


Chemical Methods of Removal 

Chemical removal of carbon dioxide using the oxide of an alkali or alkalin 
earth metal is a standard technique which may, in addition, be used to remove 
water. It is possible to use the free metal itself, involving the reaction with 
water to form a hydroxide and liberate hydrogen, followed by reaction with 
carbon dioxide to form the carbonate. This involves a continual drain on the 
water supply of the ship. In the case where food is carried in concentrated 
form, this is not important as water given off by the body is adequate both 
for re-use as drinking water after purification and for the reaction with the 
metal. The main difficulty is the means of carrying out the reaction of water 
with an active metal under such conditions that hydrogen is not liberated to 
the air. This is possible provided the water is in liquid form, but this would 
necessitate removal of water from the atmosphere by refrigeration. We had 
hoped to save this weight. 

Consideration of the properties of the elements shows that only a few metals 
and their oxides are worthy of study. On a weight basis it is advantageous 
to use the metal of lowest atomic weight since a given weight of it will remove 
more grams of carbon dioxide. However, the properties of the compounds 
formed and the valence of the element enter into the picture. 

In the case of lithium, the first element of the alkali metal family, the 
maximum utility of the lithium would occur with formation of LiHCQ. 
Unfortunately this compound exists only in solution in equilibrium with the 
carbonate and carbonic acid. It is known that a solution of lithium carbonate 
will absorb considerable CO, with formation of the bicarbonate, but the product 
is unstable and cannot be isolated. We must, for purposes of calculation, 
assume that most of the lithium will form the carbonate according to the 
following reactions. 

2Li + 2H,O = 2LiOH + H, 
2LiOH + CO, = LicO, + H,0. 
We see that the water is recovered to the extent of 50 per cent. in the course 


of these reactions, which is advantageous. The hydroxide above is moderately 
soluble and the carbonate rather insoluble so that this system will function 
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well if we merely bubble air through an aqueous solution of the hydroxide and 
allow the carbonate to precipitate. We might be able to obtain better utiliza- 
tion of the lithium by use of pressure to increase the CO, concentration in the 
solution and form the bicarbonate, but this requires more equipment and a more 
complex cycle. 

Considering sodium, we can expect to obtain much of the carbon dioxide 
in the form of NaHCO,. It is known that sodium carbonate will absorb CO, 
even in low concentrations in air with formation of the bicarbonate. There is, 
of course, an equilibrium with the carbonate and with carbonic acid. For 
this reason the amount of bicarbonate obtained will depend on the concentra- 
tion of the solution in regards both sodium ion and carbon dioxide. To obtain 
high conversions to bicarbonate requires very dilute solutions and the use of 
pressure. Neither of these methods of shifting the equilibrium is expedient 
on a spaceship. At a concentration of 0-2 per cent. carbon dioxide in air with 
a sodium ion concentration of 0-08 molar, we find that 80 per cent. of the 
sodium is in the form of bicarbonate. Unfortunately this is too dilute a solution 
to be attractive, even though water may be recovered periodically by distillation 
and the CO, separated by decomposition of the bicarbonate 

2NaHCO, = Na,CO, + CO, + H,0. 
Data indicates that at higher and more practical concentrations of sodium, we 
may reasonably expect to get about equal amounts of carbonate and bicar- 
bonate. 

Magnesium, another of the lighter active metals forming stable carbonates, 
does not offer attractive possibilities. As far as the free metal is concerned, 
it reacts with water only on heating, which is not satisfactory for our purpose. 
Likewise the oxide reacts only slowly with water to form the hydroxide. For 
this reason the use of magnesium seems limited to the hydroxide for removal 
of CO, only, from the atmosphere. 

In the case of calcium it is possible to get nearly complete conversion to 
the bicarbonate under proper conditions. Unfortunately these conditions 
require extremely dilute solutions. A saturated solution of calcium hydroxide 
contains only about two grams per litre. If this is reacted with CO, a precipi- 
tate of calcium carbonate results. However, on passing in more CO, the 
precipitate re-dissolves with formation of the somewhat more soluble bicar- 
bonate Ca(HCO,),. This compound is stable only in solution and if the solu- 
bility is exceeded a precipitate results, but it is the carbonate rather than 
bicarbonate. If we wish to use dilute solutions we can obtain at least 80 per 
cent. of the bicarbonate, but at higher concentrations we will get mainly the 
carbonate. 

Instead of using the free metals for removal of both water and CO, from the 
air by the reactions illustrated with lithium, it is equally possible to use the 
oxides—although they are not as attractive on a weight basis. The oxides 
will react with moisture in the air to form the hydroxides which then react 
with CO,. 


It is also possible to use the hydroxide if removal of CO, only ‘is desired. 
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However, the hydroxides contain essentially one more mole of water than do 
the oxides so that on a weight basis their efficiency is reduced by this factor. 
For comparative purposes we will now proceed to calculate the quantities 
of various compounds required per man/day, to first remove CO, only, and 
to remove CO, plus water. It should be noted in this connection that about 
23 moles of CO, must be removed from the atmosphere to 28 for water. Also 
in the cases where free metals are considered, there is the additional weight of a 
refrigeration unit for water removal previously estimated at 5 kgm./man. 
This is a fixed weight amortized over the duration of the trip so that it cannot 
be taken into account in these calculations. 
‘For lithium and lithium oxide we have assumed formation of the carbonate. 
For sodium two calculations were made, one for formation of the carbonate, 
the other for formation of equal quantities of carbonate and bicarbonate. 
With calcium both formation of the carbonate and an 80-20 mixture of bicar- 
bonate to carbonate have been considered. 











TABLE I 
GraMs/MAN/Day REQUIRED FOR AIR PURIFICATION 
Nl 
co, CO, + Water 
Reagent Removal Removal 
Grams Grams 
* ea = be _ st eh 325 400 
Li,O : -| 700 840 
MgO ; | 920 1,030 
Mg(OH), aN 1,335 -— 
Na (Na,CO,) as <* wal 1,050 1,250 
Na (NaHCO, + Na,CO,) .. «| 750 900 
Na,O (Na,CO,)_ .. 6 | 1,425 1,600 
Na,O (NaHCO, + Na,CO,) ++] 1,075 1,200 
Ca (CaCO,) ERGY ad Cai ee 920 1,025 
Ca (80% Ca(HCoO,),) . en on 550 620 
CaO (CaCO,) aa ae al wl 1,290 1,450 
CaO (80% Ca(HCOQ,),)_ .. eat ol 775 | 970 











These figures for absorptive material are quite large. They run from 0-4 
kgm./man/day to four times that figure. With the dubious possibility of 
using a free metal and the equally questional possibility of forming the bicar- 
bonate of calcium, we are left with Li,O as the most economical in weight of the 
materials considered. In this case the requirement is 0-84 kgm. per day and 
we have a simple system which we know will work satisfactorily. 


Regeneration of Chemical Agents 

It would be possible to cut drastically the quantity of materials needed by 
re-use of the active agent. The reformation of free metals from carbonates is 
possible by electrolysis but requires complex and heavy equipment. Recon- 
version of lithium carbonate to the oxide by heating is not feasible as the 
vapour pressure of CO, from the carbonate is only 300 mm. at 1,200° C. 
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However, in the case of either calcium carbonate or bicarbonate an at- 
tractive mechanism exists, as indicated in the following reactions :— 

Ca(HCO,), heated = CaCO, + CO, + H,O . 
The latter two gases can be collected and vented. The carbonate is then 
heated further CaCO, = CaO + CO, 


This latter reaction requires a temperature of about 900°C. to be practical, 
which is just within the limits of possibility. It would be necessary to use 
electrical heating as other means consume oxygen, which would not be available 
on a space vessel. Small muffle-type furnaces are available which can operate 
continuously at temperatures up to 1,100°C. A typical furnace weighs about 
20 kgm. and uses 1,300 watts at 110 volts. This is a considerable power 
consumption, but is not unreasonable. Such furnaces would have to be 
adapted to prevent loss of the CO, formed to the air, but this represents only 
a very minor problem. The capacity of such a furnace is only about 100 cubic 
inches and would be just sufficient for regeneration of the calcium oxide supply 
for one man. However, a saving can be made with larger units since the 
available cubic capacity increases much faster than does weight. 


Comparison of Various Methods for Air Purification 

Comparing this calcium oxide regeneration system with the case where a 
chemical agent is used but not regenerated, we find it is not profitable in any 
but a very short trip to use the free metals because of the necessity for a refrigera- 
tion unit to remove water from the air. Assuming a 25 kgm. refrigeration 
unit and a 35 kgm. muffle furnace as adequate for a 5 man crew, a point of 
equality is reached in 5 days for metallic lithium and 3-2 days for metallic 
calcium. For trips longer than this, a calcium oxide regeneration system is 
preferable. 

Comparing the relative merits of lithium oxide versus metallic lithium we 
find that the oxide is preferable in trips up to 12 days. With lithium oxide 
versus calcium oxide regeneration, a point of equality is reached in 8 days. 

The combination of the above data completely rules out the use of metals 
in the elemental state. For trips shorter than 8 days we prefer to use lithium 
oxide and for longer trips the calcium oxide regeneration system. These 
figures are based on a five-man crew where considerable weight savings are 
made in equipment for both the calcium oxide and free metal cases. If instead 
of a five-man crew we have only a single man, the point of equality is reached 
in 25 days and again free metals do not appear attractive. 

In the discussion so far of the chemical removal of water and CO, from the 
air, it would be necessary to carry liquid oxygen to replace that consumed by 
the body. In the second part of this paper a method is proposed by which 
oxygen can be regenerated from the CO,, thus making it unnecessary to carry 
liquid oxygen for breathing purposes. 
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BRANCH MEETINGS 


Provisional Yorkshire Branch 

On January 17, 1953, Mr. A. C. Clarke, the Chairman of the Society, gave an 
illustrated lecture entitled “The Exploration of Space’ to the Provisional 
Yorkshire Branch at Leeds. 

Mr. Clarke began by developing the problem of interplanetary travel and 
set out the obstacles to be overcome. He explained the step principle and 
showed how this led to the idea of artificial satellites. This was followed by 
details of some suggested space-stations, with notes on their design and con- 
struction and the various advantages which would result from their use. 

Mr. Clarke then returned to the problem of reaching the moon and explained 
the stages which would probably be involved; first an unmanned rocket tele- 
metering information back to the Earth, then a manned rocket orbiting the 
moon, and finally an expedition which actually landed. 

The possibilities of a permanent lunar base were then discussed, together 
with passing reference to the Martian base and conditions which might be 
expected on other planets. 


57 members and visitors were present. 


A further meeting of the Branch was held at Leeds Y.M.C.A. Building on 
February 21, 1953, at which Mr. M. S. Wright read a paper entitled, “The 
Construction of Bases on Other Worlds.” 

Mr. Wright first dealt with the Lunar Base and mentioned the advantages 
which would accrue if fuel, water, oxygen and food could be produced on the 
Moon. The prospect of obtaining these, the type of base required, and a 
consideration of hydroponic farming were also considered. It was thought 
that there was some advantage in having the base underground, with the sun- 
boiler system as the most likely source of power. Eventually a series of bases 
around the moon was envisaged, with an electricity grid connecting them. 

The base on Mars was next considered. Conditions on the surface of the 
planet were described and suitable places for a base mentioned. The bottom 
of the ‘‘ocean beds’ was thought to be the most suitable for atmospheric 
pressure and ease of irrigation. The possibilities of generating electricity by 
water power, windmills and sun-boilers were also mentioned. 

There were great difficulties in establishing a base on Venus, but on Mercury 
the base could probably be in the libration zone, so that power could be 
obtained from the sun and any frozen atmosphere mined on the cold side. 

A suitable site for a base for the outer planets was discussed, and the 
advantages of Titan mentioned. The supply of power for a Titanian base was 
considered with the possibility of mining radio-active ores. The conditions for 
the staff of a base on Titan were compared with the bases nearer the sun. 

Mr. Wright concluded with a reference to the appearance, construction, 
and maintenance of a satellite station round the Earth. 


38 members and visitors were present. 
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Meetings at Leicester and Coventry 


Midlands Branch Meetings were held at The College of Technology, The 
Butts, Coventry, on January 24, 1953, and The College of Technology, The 
Newarke, Leicester, on February 28, 1953, with Mr. A. C. Rotherham in the 
Chair. At both meetings the speaker, Mr. N. R. Nicoll, the Branch Chairman, 
gave a talk entitled ‘The Present Position of Astronautics.” 

The talk was illustrated by slides, and told the story of progress in astro- 
nautics from the founding of the first small Interplanetary Societies in the 
early 1930's, to the present day, and discussed the probable course of future 
progress in the light of present-day knowledge. The story of Germany’s 
rocket engineering industry, and its bearing on the present position of astro- 
nautics, was discussed in some detail. The speaker also mentioned numerous 
problems in all fields of science which must be solved before man can achieve 
space-flight, and concluded with a review of the present-day Interplanetary 
Societies, and the formation of the International Astronautical Federation. 

After the talk, there was a short period in which the speaker dealt with 
questions, and the meeting concluded with a discussion among those local 
members who were present. 

Thanks are due to Mr. N. B. Holdsworth, for his successful endeavours to 
obtain accommodation for the Leicester meeting. 

17 members and visitors were present at the Coventry meeting and 24 
members and visitors at Leicester. 
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Visit to Jodrell Bank Experimental Station 


A visit of members of the Society to the Jodrell Bank Experimental Station 
of the University of Manchester has been arranged for Saturday afternoon, 
June 20, 1953. It is hoped to arrange for the visit 'to be followed by a dinner, 
a film show in Manchester, and a visit to the Godlee Observatory. 

The party must be strictly limited in number and members, who are 
interested should apply for details (enclosing a stamped addressed envelope 
for reply) to the N.W. Branch Secretary, Mr. E. Burgess, 4, Cordova Avenue, 
Denton, Nr. Manchester, Lancs., who will be able to arrange accommodation 
in Manchester overnight for those who desire it. 


Interplanetary Navigation 

The Science Museum, South Kensington, has arranged a special exhibition 
devoted to navigation during the spring and summer months of 1953. During 
this exhibition a number of lectures will be given, including a talk on “Inter- 
planetary Navigation,’’ by Mr. A. C. Clarke. This talk will take place on 
September 10, 1953, at 6 p.m. in the Science Museum Lecture Theatre. 


Viking No. 9 

A completely re-designed and re-engineered Viking high altitude rocket, 
one of a series built by The Glenn L. Martin Company for the Naval Research 
Laboratory, equalled the previous single-stage altitude mark of 135-6 miles 
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when launched on December 15, 1952, at the White Sands Proving Ground, 
Las Cruces, N.M. 

Shorter by some six feet and of slightly greater diameter, with completely 
new control, fuel and electronics systems, Viking No. 9’s most readily distin- 
guishable external feature was smaller, triangular fins. The power plant, made 
by Reaction Motors, Inc., was of the same type used on previous Vikings, 
liquid oxygen and alcohol, with a thrust of 20,000 pounds. 

Up to the time of this firing, the altitude record for single-stage rockets 
was held by Viking No. 7, which was launched at White Sands on August 8, 
1951. A WAC Corporal launched from the nose of a German V-2 in a two- 
stage operation has reached about 250 miles. 

Vikings are being used by NRL scientists to extend knowledge of (1) the 
physical state of the Earth’s atmosphere to as great a height as possible, the 
temperatures, pressures, densities and composition being principal objects of 
study: (2) the fundamental nature and properties of the ionosphere and those 
processes which lead to its formation; (3) solar and terrestial radiation and 
(4) the physics of high-energy particles by high-altitude cosmic ray studies. 
This information is expected to be of practical benefit in radio communication, 
meteorology and the guided missile programme. 

In addition to the usual telemetering equipment, Viking No. 9 carried six 
cameras, photon counters and photographic film detectors. 


Lending Library 

The Society’s Lending Library of books is now being operated from 12, 
Bessborough Gardens, S.W.1, and Fellows holding library tickets should send 
their requests to the Secretary for the future. 

A revised list of books available is in course of preparation, and will become 
available in due course. 

Mr. Humphries is still operating the Lending Library of pamphlets, articles, 
etc., from 97, Churchill Avenue, Southcourt, Aylesbury, Bucks. This collection 
is open to all members of the Society, and Mr. Humphries is always willing to 
assist members who desire particular articles or references. 


Amendment to Bye-Laws 15 and 16 

Attention is drawn to the amendment of Bye-Law 15 increasing the 
re-admission fee (payable where application for re-admission is made after 
six months from the date when the last annual subscription expired) from 
5s. to 10s. 6d., in order to bring it into line with the normal entrance fee. 

This also made necessary a slight amendment to Bye-Law 16, i.e. the 
deletion of the words “‘of 5s.”” Bye-Law 16 states that mo re-admission fee 
shall be payable if the applicant elects to pay the subscriptions due for all the 
intervening years and to receive copies of such publications issued during that 
time as may still be available. 


“Redstone” Guided Missile 
The following news item is reprinted from Aviation Week for January 26, 
1953 :— 
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Viking No. 9. 
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“Chrysler’s new missile contract is for production of the so-called Redstone, 
designed and developed by German engineers from the V-2 group at Peene- 
munde. This group, headed by Wernher von Braun, former technical 
director of Peenemunde, is now working at the Army Ordnance Redstone 
Arsenal, Huntsville, Ala. Chrysler will do its work on this surface-to- 
surface missile in the Navy-financed plant at Detroit, origihally built to 
manufacture Pratt & Whitney J48 torbojets.” 


Time Magazine Cover 

We are extremely grateful to Time Magazine for its great generosity in 
presenting to the B.I.S. the original Boris Artzybasheff painting from the cover 
of December 8, 1952, issue, illustrating the feature “Journey Into Space.”’ 
This brilliantly ingenious piece of ‘mechanical caricature’ was displayed at 
the Society’s meeting on March 7, 1953, and may now be seen at the office. 


Picture Section 


During the course of the year, the Society receives a number of photographs 
from various sources, some of which are reproduced in connection with articles, 
while others are simply filed for future reference. 

It has been decided that in future illustrations of general interest will be 
reproduced as received as a Pictorial feature in the ‘““Notes and News’”’ section 
of the Journal, in order to bring them to the attention of members much 
earlier than hitherto. It is also hoped to present pictures of purely historic 
interest whenever we receive them. 

The first of these pictures are reproduced in this issue. 


The House of Commons Debate 

The pages of Hansard (No. 241, 1953) mark the first “interplanetary” 
discussion to take place in the House of Commons, and doubtless it will not 
be the last. Rocket missiles are essential to the defence of Britain, but one 
thing at least we hope—that Government support for astronautics will not 
finally depend upon its military potentialities, for our wagon is not hitched to 
Mars, but to a star. We have indeed no wish to follow in the footsteps of 
atomics, of which Professor Oliphant has said: “. . . to sell the idea of atomic 
energy to the authorities in London and Washington was a much harder task 
than anything carried out in the laboratories. Scientists knew in 1938 that 
atomic energy was possible, but it was impossible to engender any interest in 
the matter. Jt was only because they were able to offer a weapon that the job went 
ahead at all.” 

The italics are ours, that we may remember this passage for its condemnation 
of our time; for truly man’s greatest co-operative efforts still remain those 
which he marshals for his own destruction. It would be a terrible thing if a 
future historian should find it necessary to write, that of all the dangers inherent 
in the conquest of space the greatest was its successful achievement. 

The first Elizabethan era was a period of great men and great accomplish- 
ments. This augurs well for the second Elizabethan age now with us, but it 
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The De Havilland ‘‘Comet”’ takes off with the aid of its “Sprite” rockets. 


™ : - Za oe 4 
A mammoth “spaceman”’ used by Macy’s Departmental Store at a Thanksgiving Day 
parade through New York City caused a great deal of interest! 
Huge floats, including a “‘spaceship’”’ for the “‘spaceman,”’ were shown; both really 
giant balloons! 
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should be borne in mind that history does not automatically repeat itself. 
A nation’s historical laurels are indeed inheritable and evergreen, but each 
succeeding generation must earn the right to wear them—not by wishful 
thinking, but by deeds. Active participation and co-operation by Great 
Britain in high-altitude atmospherical research and other projects which, 
distinct from missile development, are necessary preliminaries to space-flight, 
would certainly be one contribution our generation could make to history. 
In its philosophic and technical entirety, astronautics might indeed become 
the most valuable contribution ever made to the advancement and welfare of 
mankind. The British Interplanetary Society exists because of this belief; 
but unaided it cannot fulfil all the functions which are needed to promote and 
sustain the development of astronautics in this country. There are some things 
best left to private initiative, and others which must be done on a national or 
international scale. Manifestly, the magnitude and ultimate scope of astro- 
nautics requires co-operation on all three of these levels. 


Radio and Television Discussion 

Astronautics invaded Television on February 11, 1953, when our Chairman 
was interviewed in the programme ‘Press Conference.’’ In this feature, a 
panel consisting of William Clark (Editor of the Observer) Denis Desoutter 
(Assistant Editor of Aeronautics), Dr. Alan Hunter (Greenwich Observatory) 
and Dan Aitken, science journalist, shot numerous (and incidentally unre- 
hearsed) questions at Mr. Clarke, who did his best to answer them. 

During January, the B.B.C.’s programme “Dear Sir . . .,’’ a correspondence 
column of the air, read a considerable number of letters on the subject of space- 
flight in two of its programmes. Someone started the ball rolling by asking the 
familiar question, “Is space-travel really necessary?’’ and a number of con- 
tributors pointed out desirable alternative uses for the money and effort that 
would be needed to achieve it. Sympathy will be felt for the listener who 
remarked: “Spaceships to the moon at a cost of approximately one hundred 
million pounds—that’ll be a sensation. Main drainage in this village, thirty-six 
miles from London, at a cost of say twenty thousand pounds—+thai will be a 
miracle!”’ 

Another listener was scared that when we arrived on Mars we might present 
the secret of space-travel to the Martians who, since theirs was a dying world, 
would be only too ready to use it and invade the Earth. A woman contributor 
countered this naive view by asking, ‘““Why should we always assume that the 
inhabitants of other worlds would be hostile ?”’ 

Fortunately, the supporters of space-flight had the last word and the 
discussion ended with a reading of this letter from Mr. Clarke: 

“On the ‘practical’ side, we are already exhausting our planet’s resources at 
a staggering rate, and in a few centuries sheer necessity will force us out into 
space. Moreover, the development of interplanetary flight will bring in its 
train countless scientific, medical and technical discoveries. For example, the 
only way in which we can ever achieve a truly world-wide radio and television 
service is by the use of transmitters on artificial satellites out in space. And 
doctors will have a powerful weapon against diseases of the heart when men can 
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Douglas Skyrocket in flight. 


Douglas Skyrocket, which has flown at more than twice the speed of sound, 
15 miles high. 
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live on worlds of low gravity, where physical exertion will be so much less than 
here. These are just two of the possible bye-products of space-flight : the most 
spectacular ones cannot be foreseen today. 


“The second answer is perhaps even more important. The sense of wonder— 
of curiosity—is what most distinguishes man from the animals. Our civilization 
was built by the explorers and adventurers of the past. None of us would have 
been alive if someone had not gone to the trouble of discovering Great Britain! 


“But many may wonder if it is worth doing much about it to-day, when there 
are so many other urgent problems much nearer at hand. However, we have 
little choice. For purely military purposes, all the great powers are working 
on the development of rockets. Piloted vehicles are approaching the frontiers 
of space, and unmanned missiles have already gone far beyond the atmosphere. 
Out of this work, as is well known by everyone engaged upon it, the conquest of 
space will ultimately evolve, probably before the end of this century. Our 
country cannot ignore this fact, any more than it could ignore the development 
of aviation.” 


The Anglo-Australian Rocket Range 


The Daily Mail of November 22, 1952, contained the news that long-range 
“offensive” rockets, carrying a heavy war-head of explosive for nearly 1,000 
miles at a speed of several thousand miles an hour are to be tested early this 
year by Ministry of Supply experts in Australia. The source of this informa- 
tion is not revealed, and our comment is reserved until these birds are hatched. 
However, from various other reports and announcements it appears that a 
number of new military devices are being tried in Australia and that the 
establishments at Woomera are being extended, Australia having already 
spent more than £A24,000,000, not including any British contributions. 


Probably associated with the intensification of activities is the appointment 
of Dr. C. F. Bareford, head of Mullard research laboratories, to the post of 
chief superintendent of the long-range weapons’ establishments at Salisbury 
and Woomera. This was noted by the News Chronicle of November 21, while 
the Daily Mail of January 14 contained the news that Mr. O. W. Humphreys, 
director of the General Electric research laboratories and one of Britain’s 
leading experts in electronics was on his way to Australia, ostensibly for a 
lecturing tour but actually ‘‘to organize the General Electric rocket research 
laboratories on the Woomera rocket range.”” The Daily Mail adds, “Mr. 
Humphreys and his scientists have been responsible for a great deal of the 
development work on the electronic and radar control machinery used in 
Britain’s new guided missiles.” 
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A rocket being fired from the Anglo-Australian Rocket Testing Range. 


Aerial view of Woomera. 
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From the World’s Press 

Headquarter and Branch activities of the B.I.S., together with free-lance 
lecturing by members, secures extensive publicity in the Metropolitan, Pro- 
vincial and Foreign press, and efforts are being made to enlarge our panel of 
speakers to cope with the overwhelming number of requests for lectures now 
being received. As these plans mature we may expect a commensurate 
increase-in newspaper citations, with as a result, better understanding of the 
interplanetary How and Why, and—we hope!—the attraction of many new 
members. 

* * * * 

One of the recent B.I.S. lectures which received much attention, both 
before and after the event, was that given by our Mr. G. V. E. Thompson in 
the Christmas series of children’s holiday lectures sponsored annually by the 
L.C.C. Mr. Thompson seems to have covered the field of astronautics very 
thoroughly indeed. Commenting, The Times Educational Supplement says: 
“This (astronautics) is a theme to fire the youthful mind, and Mr. Thompson, 
flanked by a model of a V2 rocket, ranged in fancy beyond the craters of the 
moon. Nor did he neglect the technicalities of his subject, for he discussed 
refuelling stations in space and the harnessing of atomic energy to send his 
craft at the 25,000 miles an hour that would be needed to set them free from the 
pull of the Earth... .” 

Mr. Thompson even attained the dazzling eminence of being quoted by the 
Observer under “Sayings of the Week,” as remarking that ‘“‘conditions on Mars 
and Venus are not so bad.” 

We must also congratulate Mr. H. P. Wilkins on the well-deserved publicity 
which followed publication of his article ‘“The Other Side of the Moon” in our 
January Journal. Cuttings are still coming to hand, but we already have 
enough material for a small snowstorm! 

Perhaps the most concise and illuminating report of Mr. Wilkins’ article was 
that given by Chapman Pincher, as printed in the Scottish Daily Express. For 
whereas most of the other papers (with the notable exception of The Scotsman 
and New York Herald Tribune) seemed chiefly concerned with the Man in the 
Moon’s libratory insobriety, Mr. Pincher needed only one short quarter column 
to acquaint his readers with the significance of Mr. Wilkins’ work and accurately 
summarize the findings. 

* * * * 

One of the most astonishing—and amusing—things about astronautics is 
the number of people who rush into print with little technical understanding 
of the subject. This is specially noticeable in the correspondence columns, 
where confusion often becomes worse confounded. For example, in this letter 
taken from the New Zealand Otago Daily Times:— 


“Sir,—I note in last Friday’s issue that your contributor “Prester John”’ 
deals with space travel. * His opinions on this subject are about as accurate 
as his opinions on social and political matters. He states that “rockets 
have already been sent up to a height of 85 miles.” Your publication has 
previously reported that rockets have gone to 250 miles above the Earth. 
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“Prester John’ then goes on to state that “at something over 100 miles a 
rocket would escape gravitation and would in fact circle the earth.” 

May I suggest that “Prester John” and yourself read a little on inter- 
planetary flight before printing such nonsense. The minimum distance at 
which a rocket can escape gravitation (sic) is 4,000 miles above the earth 
pull.” ...—TI am, etc. 

Another letter, this time in the /pswich Evening Star of February 13, cites 
practically all the obstacles to Moon-voyaging without pausing to reflect that 
many first-class scientists are fully aware of the difficulties yet conclude that 
they can be surmounted. The story of man’s advance. is one of increasing 
control of his physical environment. In the comparatively near future our 
command of nature will enable us to grapple successfully with the problems 
of space flight and extra-terrestrial exploration. This statement is based upon 
scientific assessment, not wishful thinking. Just as scientists knew that an 
atomic bomb was possible before vast sums were allocated to its development, 
so scientists know that the conquest of space will be achieved . . . In fact, as is 


quite apparent, it has already begun. 
* * * * ° 

Under the caption ‘‘Kinda crazy about science’”’ the Egyptian Gazette of 
September 26 notes that no less than 112 American firms are making “‘inter- 
planetary” toys. And in the Daily Telegraph of November 11, 1952, James 
Parkinson, writing from New York, says:—“It is a rare, reactionary toyshop 
which in the United States these days does not load its shelves with the equip- 
ment a boy or girl needs to set off on a flight to the stars.” 

Judging by the list, Junior is getting a good grounding in astronautical 
impedimenta. ... Not that we entirely approve of one or two items. Disinte- 
grator Ray Guns, for instance—they might stimulate some future genius to 
invent a real one! Still, at the moment they seem harmless enough, merely 
flashing coloured lights—and noiseless. Which, in our jaundiced opinion, is 
altogether preferable to the old-fashioned bangers, or quiet but nerve-wracking 
water-pistols. On the other hand, the Space Patrol Rocket Pistol, firing 
rubber darts with secret message compartments, is obviously a weapon that 
should be sabotaged at the earliest possible moment by all sensible parents. 
As for the 7 ft. high cardboard Rocket Ship, which comes in a box with directions 
for assembly—well, that is something worth preserving, if only as a constant 
reminder that the real thing will be even more likely to come unstuck. 

Concerning spacesuits, of which an infinite variety are available, our 
advice here is that the parental choice (if allowed) should depend on the child’s 
looks. . . . Some kiddies we know need a helmet to make them presentable. 

Incidentally, one particularly intriguing item is mentioned. This is an 
Interplanetary Phone “‘which, without the aid of batteries, permits two-way 


conversation over half-a-mile. . . .” Lacking further information, our only 
comment is that most British children are quite capable of such a feat without 
apparatus. . * . e 


Confirmation (if indeed such was needed) that the U.S. is very largely sold 
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on the idea of giant rockets, is furnished by several Washington news items 
appearing at the beginning and end of January. Both the Secretary of the 
Air Force Thomas K. Finletter and Lieut.-Gen. Doolittle are quoted as fore- 
seeing the eventual development of rockets producing 500,000 pounds of 
thrust and speeds of 20,000 miles per hour . . . This should be cheering news 
for von Braun, whose schedule for the conquest of space seems otherwise in 
danger of falling behind programme. 
* * * * 


Looking at a cutting from the Brisbane Courier and Mail of October 18, 
1952, only recently to hand, reminds us that our Journal has not yet remarked 
that rockets are being launched from balloons, details and excellent pictures 
of which are to be found in Physics and Medicine of the Upper Atmosphere. 
The experiments, carried out wnder the auspices of the U.S. Navy operating in 
Baffin Bay, Northern Greenland, were to secure data of cosmic radiations 
where the Earth’s magnetic field has least influence on the incoming particles. 
The rockets used were of the solid propellant “‘Deacon’”’ type, about 8 inches 
in diameter, more than 10 feet long and weighing some 300 lbs. The balloons 
are,"of course, the famous ten-storey high ‘“‘Skyhooks.’’ Launched in this 
fashion, the rockets have attained altitudes of about 40 miles. 


* * * * 


The Times of January 23 notes another high-altitude project entailing the 
use of Viking rockets, this time for the study of the Aurora Borealis. It is 
understood that the United States naval research section will use the ship 
Norton Sound, and that Dr. H. Newel, who is in charge of the upper atmosphere 
research programme, will be co-operating with Norwegian scientists conducting 
simultaneous research at a laboratory in Tromso. The experiments will 
probably be made in the coming autumn or in 1954. 

* * * * 


The first supersonic level flight (as opposed to a dive) by an American 
combat aircraft is attributed to the Republic Aviation Corporation’s XF-91, 
fitted with both jet and rocket engines, according to a British United Press 
report. Mr. Mundy Pearle, President of the Corporation, is quoted as saying, 
“We have bridged the gap between the jet plane and the rocket plane.”’ 
Another announcement during December stated that the Lockheed F-94C 
Starfire will soon be carrying 12 rocket “pods” in the wings to double its fire 
power. 

* * * * 
Additions to Lending Library 

The following additions have been made to the Society’s lending library 
and are available on loan to Fellows holding library tickets. 

V2 der Schuss ins Weltall, by Dr. W. Dornberger (1952). 

The Assisted Take-off of Aircraft, by C. M. Bolster (1950). 

Manner Der Rakete, by W. Brugel (1933). 

Jets, Rockets and Guided Missiles, by D. C. Cooke and M. Caidin (1951). 

Theory and Testing of Jet Propulsion Motors and Rockets, by S. Fonberg (1945). 
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ABSTRACTS 
Edited by J. HUMPHRIES 


Abbreviations of titles of journals were given in the May, 1950, issue of 
the Journal, and addenda have appeared in subsequent issues. The following 
is a further addendum to the list :— 





Bull. Cen. Abstr. Inst. Czech. Bulletin of the Central Astronomical Institute of 
Czechoslovakia. 

Irish-Astr. J. Irish Astronomical Journal. 

J. Geol. Journal of Geology. 

N.V.R. Pub. Nederlandse Vereniging voor Ruimtevaart Publica- 
tion. 


Many of the articles noted are available on loan to members resident in the 
British Isles. Requests should be addressed to J. Humphries, 97, Churchill 
Avenue, Southcourt, Aylesbury, Bucks. 


AIRCRAFT 


(107) Rockets push XF-91 past Mach 1. Aviation Wk., 57 (24), 17 (Dec. 15, 1952). 
First supersonic flight by U.S. combat-type plane. 


ASTRONAUTICS 

See also abs. no. 146. 

(108) Expeditions to the planets. J. H. Houtman. N.V.R. Pub. No. 1, 8 pp. 
(Dec 21, 1951) (In Dutch.) 

Popular introduction with special reference to space-stations and von Braun’s Mars 
project. 

(109) Astronautics, the stages of a mew science. A. ANANOFF. Science et Vie 
Special Astronautical Issue, 13-27 (1952). (In French.) 

Mainly a review of fiction devoted to space-flight from the earliest times together with 
a survey of the factual work of this century. 

(110) Extra-terrestrial flight. E.Escanciton. Science et Vie, Special Astronautical 
Issue, 5-12 (1952). (Jn French.) 

General introduction—the universe, uses of artificial satellites, effect of high accelerations 
and the laws of propulsion in space. 

(111) Artificial satellites and cosmic voyages. C.Lerssac. Science et Vie, Special 
Astronautical Issue, 134-156 (1952). (In French.) 

Discussion of the uses of artificial satellites for scientific purposes, relay stations and 
refuelling stations for interplanetary voyages. The mechanics and construction of such 
stations together with some examples (Smith/Ross and von Braun) are next considered and 
finally trips to the moon, planets and the nearer stars using satellite techniques are detailed. 

(112) Problems of space-flight. E.SANGER. Natur u. Technik, 6, 15-17 (Jan., 1952). 
(In German.) 

General review. 

(113) Technical problems of space travel. F.Cap. Natur u. Technik, 6, 102-104 
(April, 1952). (In German.) 

Discusses step-rockets, the artificial satellite, atomic and electric rockets. 

(114) Ideas and considerations. A.Héss. Natur u. Technik, 6, 125-126 (May, 1952). 
(In German.) 

General review of space-flight. 

(115) Space meeting. J. Humpuries. Aviation Wk., 57 (19), 39-40, 42 (Nov. 10, 
1952). 

Report of 3rd International Congress on Astronautics, Stuttgart, Sept., 1952. 

(116) Third International Congress on Astronautics. J. HumpHRigs. Nature, 
170, 1053-1054 (Dec. 20, 1952). E 
ASTRONOMY 

See also abs. no. 125. 

(117) What we know of the moon and the planets. J. Gauzit. Science et Vie, 
Special A stronautical Issue, 40-54 (1952). (In French.) 

Description of the surface of the moon, some of the equipment for investigating planetary 
atmospheres and temperatures and a short description of each of the main planets. 
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(118) Selenomorphology. A. Coteman. /. Geol., 60 (Sept., 1952). 

An attempt to apply the systematic principles of geomorphology to an analysis of the 
land forms of the moon. 

(119) Recent observations of Mars. G. FourNIER. Astronomie, 66, 393-398 (Oct., 
1952). (In French.) 

Recent Martian observations obtained by French observers. 

(120) Collisions with heavenly bodies. E. J. Oprx. Irish Astr. ]., 2, 95-98 (Dec., 
1952). 

Very small asteroids may strike the Earth each two million years, but collisions with 
bodies of true planetary dimensions are practically impossible. 

(121) The atmosphere and climate of Mars. Natur u. Technik, 6, 105-107 (April, 
1952). (In German.) 

(122) Meteor magnitudes. Z. Crprecua. Bull. Cen. Astr. Inst. Czech., 3, 165-168 
(Sept., 1952). (In Czech.) 

Discussion of the author’s results upon the frequency of sporadic meteors. 

(123) New research into an atmosphere around the Moon. A. DotiFus. C.R. 
Acad. Sci., Paris, 234, 2046-2049 (May 19, 1952). (In French.) 

Polarographic methods show an atmosphere with a surface density, if CO,, equal to 
0.5 x 10-* that of Earth. This is ten times as feeble as previously reported. 


ATMOSPHERE 


(124) Measurements of the vertical distribution of atmospheric ozone from 
rockets. F.S. Jounson, J. D. PurcEtt and R. Tousgry. /. Geophys. Res., 56, 583-594 
(1951). 

Data obtained by photographing ultra-violet spectrum of sun with small automatic 
spectrographs installed in V-2. No ozone detected above 45 km. 

(125) What is there in interplanetary ‘“‘space”? J. Gauzit. Science et Vie, 
Special Astronautical Issue, 29-39 (1952). (In French.) 

Methods of upper atmosphere exploration by means of balloons and rockets and some of 
the results obtained. Cosmic rays, distribution of meteors and the composition of inter- 
stellar gas are also discussed. 

(126) The pressure and density of the atmosphere. C. WiEsE. Astronautische 
Nachrichten, 1, 1-3 (Feb. 1952). (In German.) 

Pressure, density and temperature of atmosphere up to 130 km. 

(127) Radiofrequency mass spectrometer for upper air research. J. W. 
TOWNSEND. Rev. Sci. Instrum., 23, 538-541 (Oct., 1952). 

Bennett type instrument for obtaining the composition of the upper atmosphere. 
Samples the spectrum between mass numbers 48 and 5 once per second and can be used 
between 100 and 160 km. altitude. Weighs less than 50 lb. and occupies less than 1-4 ft.* 

(128) Dynamo currents and conductivities in the Earth’s upper atmosphere. 
S. F. StmncerR, E. Mapite and W. A. Bowen. Nature, 170, 1093-1094 (Dec. 27, 1952). 

Analysis of electronic magnetometer readings obtained during Aerobee flight near 
equator show the existence of a layer of greatly increased conductivity at about 100 km. 
altitude. 

(129) Physics of the high atmosphere. S. F. Sincer. Nature, 171, 146-148 (Jan. 
24, 1953). 

Review of the papers delivered at the British Association meeting in Belfast on Sept. 5, 
1952, including a discussion of the use of artificial satellites. 


BIOLOGY AND MEDICINE 


(130) Will man be able to live on board a spaceship? L.Gougerot. Science et Vie, 
Special A stronautical Issue, 116-133 (1952). (In French.) 
Deals with the problems of respiration and provision of respirable atmosphere in a 
spaceship, the elimination of carbon dioxide, temperature control, elimination of waste 
materials. The effects of acceleration and free fall are dealt with at length and finally 
possible effects of cosmic rays are discussed. 


MATERIALS 


(131) 6,000 Ib. thrust jet propulsion unit. Pt. II: Materials. Some thermo- 
dynamic properties of certain carbides, oxides and nitrides. M. W. Kellogg Co., 
Special Projects Dept. Rept. SPD 125. U.S. Dept. Comm. Off. Tech. Serv. PB 106076, 148 pp. 

Tables and graphs of melting points, heats of formation, free energies of formation, 
entropies, etc., of various carbides, oxides and nitrides of iron, molybdenum, nickel, 
cobalt, chromium, vanadium, silicon, etc. 
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MISCELLANEOUS 


(132) G.I. ordnance scientists. G. G. Eppy. Ordnance, 37, 624-626 (Jan.-Feb., 
1953). 
The work of military personnel on guided missile research. 


PHYSICS 

See also abs. no. 127. 

(133) Gas cooling of a porous heat source. L.GrEEN. /. Appl. Mech., 19, 173-178 
(June, 1952). <A limiting case of solid-fluid heat transfer is examined, in which a gas 
passes through a porous wall of high specific surface with heat generation within the solid 
material. Wall temperature profiles, pressure drops and pumping power/power output 
ratios are calculated for a heated graphite wall cooled by helium. (15 refs.) 

(134) The vapour pressures and critical constants of pure ozone. A.C. JENKINS 
and C. M. Brrpsatt. J. Chem. Phys., 20, 1158-1161 (July, 1952). 

Vapour pressures measured over the range —183° to —30° C. 

(135) Additional measurements of heat conductivity of nitrogen, carbon dioxide 
and mixtures. F. G. Keyes. Trans. Amer. Soc. Mech. Engrs., 74, 1303-1306 (Nov., 
1952). 

Measurements at temperatures from 0 to 350°C. at 1 atmos. pressure. Results for 
mixtures do not agree with existing computed figures. 

(136) Physical properties of liquid fluorine. G.W. ELverum and R. N. DoEscHER. 
J. Chem. Phys., 20, 1834-1836 (Dec., 1952). 

Values of viscosity, density and surface tension have been determined over range 
65-85° K. Values of density obtained are much higher than previously determined. 

(137) N.A.C.A. sonic-flow-orifice temperature probe in high-gas temperature 
measurement. P. L. BLACKSHEAR. Tvans. Amer. Soc. Mech. Engrs., 75, 51-58 (Jan., 
1953). 

Use of two sonic-flow orifices in series to give total temperature of gas entering first 
orifice, 


PROJECTILES 

See also abs. nos. 132 and 147. 

(138) The rocket’s thousand-year history. A. ANANoFF. Science et Vie, Special 
A stronautical Issue, 56-85 (1952). (In French.) 

Short review up to end of nineteenth century and extensive survey of results of last 
50 years dealing with the work of Goddard, Valier, V.f.R., A.R.S., the German weapons 
of the Second World War and recent American developments. 

(139) The long path to space travel. E. SANGER. Natur u. Technik, 6, 163-166 
(June, 1952). (In German.) 

Description of German rocket weapon development. 

(140) Post rockets will span the oceans. A. PULLENBERG. Raketenpost, 1, 1-5 
(March, 1952). (In German.) 

History of postal rockets and discussion of plans to send rockets from the German 
coast to the East Friesian Islands and later to New York. 

(141) “Pinwheel” power package for missiles. W. J. CouGHLIn. Aviation Wk., 
57 (14), 21-22, 25 (Oct. 6, 1952). 

A rotating device driven by a solid propellant rocket. Can deliver from } to 20 h.p. 
for up to 4 mins. and is capable of storage for 5 years. Can drive either electrical generator 
or hydraulic pump. 

(142) Team probes radiation barrier. Aviation Wk., 57 (22), 28, 31 (Dec. 1, 1952). 

Deacon rockets are carried beneath “Skyhook” high-altitude balloons and fired, thus 
enabling them to reach an altitude of 40 miles. A description of the work carried out in 
Greenland using the rockets to carry cosmic-ray equipment. 

(143) Latest missile work revealed. Aviation Wk., 54 (22), 19-20 (May 28, 1951). 

N.A.C.A. work at Wallops Is. 

(144) Reliability analysis of modern weapons, M. M. Munk. Aero Dig., 65 (5), 
101-102, 104, 106-108 (Nov., 1952). 

A study of the analysis of the reliability of guided missiles and how far this can be 
incorporated in initial design. 
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RADIO AND ELECTRONICS 


(145) Arrangement of telemetering equipment for supersonic rockets. P. 
LyGrissE. Rech. Aérodyn. (28), 43-48 (July-Aug., 1952). In French.) 
Equipment for telemetering aerodynamic data with discussion of results obtained and 


their accuracy. 


ROCKET MOTORS 


(146) The spaceship- with nuclear propulsion. J-J. BArr&. Science et Vie, 
Special A stronautical Issue, 104-115 (1952). (In French.) 

Method of operation of nuclear piles and use in working fluid rockets, with and without 
post-combustion. Direct use of kinetic energy of nuclear particles, generation of electricity 
and ion rockets. Protection of equipment and crew from radiation. 

(147) Key to extra-terrestrial travel: propulsion by rocket. C. ROUGERON- 
Science et Vie, Special Astronautical Issue, 86-95 (1952). (In French.) 

Principles of the rocket motor, thermal efficiency and consumption. Mass ratio and 
step-rockets. 

(148) Jet propulsion. E. SANGER. Weltluftfahrt, 4, 29-31 (Feb. 24, 1952). (In 
German.) Review of all types of reaction motor with particular reference to the photon 
rocket. 

(149) Valve mechanism for rotating feeding head for combustion chambers- 
R. H. Gopparp. U.S. Pat. No. 2,599,104 (June, 3, 1952). 

(150) Rotational fuel feed for combustion chambers. R.H.Gopparp. U.S.Pat. 
No. 2,602,290 (July 8, 1952.) 

(151) Mixing target for combustion chambers having means to retard radial 
outward movement. R.H.Gopparp. U.S. Pat. No. 2,606,421 (Aug. 12, 1952). 

(152) Target type combustion chamber having a closed end portion receiving 
conical fuel and oxidizer sprays. R.H.Gopparp. U.S. Pat. No. 2,609,658 (Sept. 9, 
1952.) 

(153) Improvements relating to the combustion equipment of rocket motors. 
ARMSTRONG SIDDELEY Motors, Ltp. Brit. Pat. No. 682,732 (Nov. 12, 1952). 

Dump valve for preventing excessive pressure in chamber coolant passages. 

(154) The thrust available from electronic accelerators. G. F. Forsrs. /. 
Space Flight, 4 (10), 1-6 (Dec., 1952). Xs 

Power available, thrust, accelerating voltage, ion stream current, effect of non-ionized 
material and velocities obtainable are considered together with efficiencies, etc. Examples 
are considered. 

(155) Improvements relating to a liquefied gas system of a rocket motor. 
ARMSTRONG SIDDELEY Morors, Ltp. Brit. Pat. No. 684,230 (Dec. 10, 1952). 

Device for priming a liquid oxygen pump. 

(156) Rocket papers. Aviation Wk., 57 (25), 31-32 (Dec. 22, 1952). Rocket Society 
Papers summarized. 58 (1), 41-44 (Jan. 5, 1953). Rocket Society summaries 
concluded. 58 (2), 30, 33 (Jan. 12, 1953), Summaries of papers delivered at 7th 
Convention of A.R.S. 


ROCKET PROPELLANTS 

See also abs. no. 156. 

(157) Three new ideas for rocket fuels. Aviation Wk., 55 (25), 24, 26, 28, 30 (Dec. 
17, 1951). 

Review of a lecture delivered to the A.R.S. by T. F. Reinhardt discussing the use of 
the light-beam, electron stream and working fluid nuclear engine. 

(158) Rocket propellants. C. RouGrron. Science et Vie, Special Astronautical 
Issue, 96-103 (1952). (In French.) 

Classification of liquid propellants and effects on performance of heat of combustion, 
mean molecular weight of gases, density, mixture ratio and chamber pressure. Description 
of combustion chamber and nozzle. 

(159) The influence of surface phenomena on the ignition of self-igniting liquids. 
M. BERNARD. C.R. Acad. Sci., Paris, 235, 1646-1648 (Dec. 22, 1952). (In French.) 

Tests with nitric acid as oxidant and furfuryl alcohol or dicyclopentadiene as fuel, with 
various wetting agents shows that reducing the interfacial surface tension of the propellants 
reduces the ignition delay. 
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REVIEWS 


Reviews in the Journal are the personal opinions of the writers concerned. 
Every effort is made to find reviewers who are both informed and impartial, 
but the views expressed do not necessarily coincide with those of the Council 
or the Publications Committee. They are completely independent and not 
normally subject to any form of editorial direction. 

Should any dispute arise between an author and a reviewer over points of 
fact, opportunity is always given for the matter to be raised in a letter to the 
Editor, which will be printed together with the reviewer's reply. 

V-2—Der Schuss ins Weltall 
(By Dr. Walter Dornberger. Published by Bechtle Verlag, Esslingen. 
295 pp. 1952. 17s. 6d. net.) 

The author was a Major General, and at the same time the responsible head 
of rocket development in the German Army. At the beginning of the war he 
was charged with the supervision of similar developments of the German Air 
Force and later became head of the Army rocket testing establishment 
(Heeresver-suchsstelle) at Peenemiinde. 

In his capacity as leader of all these departments he not only took personal 
interest in the development of the V—2 and research connected with it, but also 
gained a great knowledge of all events which are connected with and resulted 
from rocket development. The book thus gives the first comprehensive 
description of the development of the V-2. It explains a large number of 
important historical, technical, and political aspects, and shows how the 
development of a revolutionary invention, was for the first time in science, 
systematically controlled and directed by a single central department from the 
very first beginnings to the final completion. A vivid account is given of the 
struggle of a group of enthusiastic scientists and engineers with the narrowness 
of outlook and jealousy of the Nazi Party and certain industrial branches. 
The book is written in story form and the usual tiresome and boring explanations 
so characteristic of most technical books are written in such a way that the 
whole book reads like a fascinating novel. A number of photographs illustrate 
the account. 

The book should be read by everyone who is technically interested in the 
subject and especially by rocket enthusiasts. W. RIEDEL. 


The Mystery of Other Worlds Revealed 


(Edited by Lloyd Mallan. 144 pp. Fawcett Publications, Inc., New York, 
1952. 75c.) 

This is not, as one might think from its absurd title, a psychic tour of the 
universe. It is a collection of articles on rockets, astronomy, space-flight and 
flying saucers, reprinted from many sources of very varied merit, and most 
lavishly illustrated. (The format resembles that of the same publisher’s 
Mechanix Illustrated.) 

For the money it is a very fine job of production, though some of the typo- 
graphical tricks are merely annoying and one soon gets tired of the absence of 
capitals in picture captions (e.g. dr. wernher von braun). 
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Of particular interest to members of the B.I.S. is Max Wholey’s article from 
the June, 1946 Journal, ““A Survey of Lunar Surface Conditions.’”’ Another 
article with the snappy title ‘Space Travel is a serious business to the British 
Interplanetary Society’’ contains some information about the B.I.S. which is 
quite new to this reviewer, who thought he knew something about the Society. 
It ends with the unsolicited and surprising remark that the British . . . feel 
that their lead in space-travel should be taken as a matter of course.’””’ We 
await comments from our friends abroad with some apprehension. 

One can find numerous mistakes in this book, of which only a few will be 
mentioned here. On page 8, a still from Frau Im Mond purports to show 
Professor Oberth. Grote Reber, shown on page 70 with the recorder of his 
radio telescope, would be surprised to hear that it was a “‘piece of equipment 
used in attempt to talk to planets.”” And page 116 presents us with a lunar 
base equipped with a helicopter landing roof! 

Particularly fascinating are the numerous illustrations, some of them 
sevefal hundred years old, of early ideas on space-flight. The large collection 
of film stills is also of considerable interest. 

No one can complain that this book does not give value for money, but a 
little selective elimination would have made it considerably more worth-while. 

A. C, CLARKE. 


Rockets and Space Ships 


(By H. Hollinson. 22 pp. + 20 colour plates. Perry Colour Books, Ltd., 
London. 1953. 2s. 6d. net.) 


This little book really does satisfy a. “‘long-felt want.’’ It is a cheap, 
attractive work discussing the applications of rockets and the problems of 
space-flight in a very simple manner. On the whole it is very well done and 
no doubt will be the cause of many future astronauts joining the B.I.S.—their 
fathers, too, will also read it from cover to cover! 

It is a pity, however, that the author has not checked some of his facts 
a little more carefully and given rather more thought to the contents. For 
instance, Opel was not killed in a rocket experiment, Schmiedl’s first name is 
Friedrich not Fritz, the Matador is driven by a turbo-jet and uses rockets only 
for take-off, and a glass of liquid in free fall would not “have to be turned 
upside-down and shaken before the contents would come out!’ Rather more 
serious are the bald statements that “Herman Ganswindt actually constructed 
a spaceship,” the lack of an explanation of escape velocity and the use of an 
ordinary parachute in plate 18 for landing the nose of a spaceship (the author 
would do well to study some of Nonweilers papers on high-speed braking 
published in earlier issues of the Journal). 

It is to be hoped that the author will make a thorough revision for the 
second edition, but in the meantime this volume can be recommended as an 
absorbing book for any youngster. If the older B.I.S. members need an 
excuse for spending a half-crown then they can buy it for its excellent colour 


plates and production—or to leave around where non-members may pick it up. 
J. HUMPHRIES. 
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Probleme aus der Astronautischen Grundlagenforschung 


(Edited by H. H. Kédlle. 256 pp. Gesellschaft fiir Weltraumforschung, 
Stuttgart-Zuffenhausen, Postfach 9, Germany. 1952. Price D.M. 20.) 


For those who, like the reviewer, are getting a little weary with the never- 
ending flow of books covering the same ground with different verbiage, the 
present volume will come as a pleasant surprise. It contains the complete 
papers delivered at the 3rd International Congress on Astronautics in Stuttgart, 
September 1-6, 1952. 

The B.I.S. contributions, together with abstracts of most of the other papers 
were printed in full in the B.I.S. Annual Report and so the technical content 
will not be commented on in detail. Suffice it to say that, although some of 
the 25 papers are of mediocre quality, there is.no doubt that this publication 
will be used as a basic reference for many years to come and is almost essential 
for anyone who is seriously interested in astronautics. 

Although in duplicated form, the duplication is of a standard rarely seen 
in this country. The illustrations are extremely well drawn and reproduced, 
and the binding is strong, with thick paper covers. Six of the papers are in 
English, the rest in German. 

J. HUMPHRIES. 


(A limited number of copies of the above book are available for purchase through 


the B.I.S. price 34/- post free. Orders will be dealt with strictly in rovation and 
should be addressed to the Secretary at 12 Bessborough Gardens, London, S.W .1.-Ed.) 


CORRESPONDENCE 


Our Neighbour Worlds 


In the recently-published review of Our Neighbour Worlds your reviewer 
makes a number of statements which will hardly bear confrontation with the 
text of my book. 

Thus he maintains that “there is no mention of the numerous craters or 
craterlets” on the moon. The word “‘crater”’ is used repeatedly, but this may 
be open to varied interpretation. I wonder, however, what ‘‘the small chain 
craters” referred to on page 169 would be. The diameter of Bailly is given 
after Mr. P. A. Moore. I am sorry to find that my source was in error (these 
things happen). Further, your reviewer takes exception to my description of 
lunar ring-mountains as “‘saucer-shaped’’ because they “‘have level ground 
about the middle.”” Next time he has tea would he be so kind as to have a 
look at his saucer? 

Having dealt with this, he proceeds to chide me'with being “‘the first to 
suggest ‘a meteor the size of Mare Imbrium crashing into the moon’.”” What 
I have actually said reads: 

“, . the maria themselves show signs of concentric structure and it is 
difficult to visualize a meteor the size of Mare Imbrium crashing into the moon 
without rather fatal consequences.” 


SIR, 
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Where in my book have I said that the density of Mercury has been accepted 
as being greater than the Earth’s? The reader who cares to consult it will 
find instead that I dwell at great length on the uncertainty of these measure- 
ments. It is also implied that I uncritically accept the reports of “lunar 
meteors.”” In reality the few lines refering to these include the following 
statement: ‘““We must await further scrutiny of these observations before 
accepting them as conclusive.’’ There is a similar misrepresentation in the 
case of “heat erosion’’ during lunar eclipses. On page 162 I have written, 
“From this (the Mt. Wilson observation of the variation of temperature) 
F. L. Whipple infers that lunar eclipses must be an important factor in what 
may be termed ‘heat erosion’ on the surface of the moon ...’’ Your reviewer 
is entitled to disagree with this view, but his reproofs should be addressed to 
Dr. Whipple, not to me. I have not so much as endorsed it, and, in fact, use 
the word “might”’ in speaking of this hypothesis. The statement on page 242 
is also somebody else’s argument and occurs in the historical presentation of 
the “‘Battle of Martian Canals.” 

I would further point out that I nowhere say “that Venus is colder and 
Mars hotter than our own planet’’: I limit myself to suggesting, without any 
special conviction, that such a possibility exists. 

Bulges atthe limb of Saturn have been reported by some observers, e.g. 
Mr. Tsuneo Saheki. These reports may or may not be wrong, but I have not 
invented them. 

Finally, your reviewer writes, “Callisto is most unlikely to be ‘gaseous 
throughout,’ the author expresses himself that this interpretation is difficult.” 
If this is English, what does it mean? If it is intended to convey that I main- 
tain that Callisto is ‘gaseous throughout,” then it is untrue. If, on the other 
hand, the hidden meaning of the sentence is that I regard this interpretation 
as “‘difficult” to accept, then what is the point at issue? 

V. A. FIRSOFF. 


Lochearnhead, Perthshire. 


Mr. H. P. Wilkins writes as follows:— 

Mr. Firsoff need not worry very much about the diameters of lunar craters, it 
ts only recently that reliable measures have been obtained. He stated that the 
lunar ring-mountains have no level ground about the middle. I am afraid that 
a look at a saucer will not. help because the true shape is not in the least saucer 
shaped. The majority are so incredibly shallow that they are well represented by 
a dish, five inches in diameter, and one-eighth of an inch deep. For example the 
proportion of height, or depth, to the diameter ts, in the case of Clavius 2 per cent., 
in Ptolemy 0-65 per cent., in Plato 2 per cent., in Copernicus 3-66 per cent. and 
in Taruntius 1-4 per cent. They are really more or less level surfaces with a 
slight rim. 

So far as I know he IS the first to suggest that a meteor the size of the Mare 
Imbrium might have crashed into the Moon. Others have suggested that this 
Mare might have been caused by meteoric impact but this does not require a meteor 
of similar stze. 
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I do not suggest that Mr. Firsoff has invented reports of bulges at the limb of 
Saturn or in other connections, but such statements may be accepted by some people 
as facts. 

Surely my remark re Callisto is clear enough. Mr. Firsoff obviously does not 
believe that this satellite is gaseous throughout, neither can anybody else who has 
had any scientific training, why then mention it? 

I do not know how much observational experience the author has had; views of 
our neighbour worlds with a really good telescope would enable him to sift the 
wheat from the straw. Should he happen to be in my neighbourhood I shall be 
pleased for him to observe for himself etther with the 15-inch or the 22-inch telescope, 
now being erected. He will then be able to write from personal knowledge instead 
quoting the opinions of others. On the other hand, if he has had considerable 
observational experience it is difficult to understand why he should quote the views 
of others which are, frequently, of doubtful value. 


SIR, 
Fuel v. Propellants 

From a study of the literature, it is difficult to escape the conclusion that a 
rocket motor is, by general consent, a device which consumes fuels such as 
liquid oxygen and alcohol, and it thus seems a little hard that your reviewer, 
A.S. in his criticism of Eric Burgess’ ‘“‘Rocket Propulsion,’”’ should berate the 
author for his adherence to this long established usage. I quote relevant 
extracts from three works, selected at random: 

“The liquid-fuel motor burns fuels such as liquid oxygen and gasoline . . .” 
(G. Edward Pendray, The Coming Age of Rocket Power.) 

“The rocket itself weighs 3 tons. Its two main fuel tanks hold over 8,000 pounds 
of alcohol (containing 25 per cent. of water) and 11,000 pounds of liquid oxygen .. .”’ 
(Willy Ley, The Conquest of Space.) 

“The rocket weighs four tons fully loaded, of which three are fuel (alcohol and 
oxygen)...” (A.C. Clarke, Interplanetary Flight.) 

Is it really desirable, at this late date, to seek to establish the convention 
that rocket motors use propellants, usually an oxidant and a fuel? Technical 
papers are one thing. But it is surely too much to expect writers of book- 
length works of a general character to burden themselves and their customers 
with discussions of terrestrial escape in terms of the fuel and oxidant problem. 
For myself, lazy and indolent fellow that I am, I give due netice that I propose 
to continue to fuel rockets, rather than perform the escritorial labour of unend- 
ingly loading them with propellants. 

P. E. CLEATOR. 


Heswall, Cheshire. 


Mr. A. R. Shalders writes as follows:— 

I have a certain amount of sympathy with the writer but as a scientist I cannot 
support his claims. It is an indisputable scientific fact that alcohol plus oxygen 
(for example) is Not a fuel but a mixture of a fuel plus an oxidant. A fuel is 
substance that is capable of combustion with oxygen, not already mixed with it. 

I consider the writer’s selection of examples unfortunate; scientifically these 
writers are incorrect and Mr. Burgess’ book was also directed at the specialist 
(see preface on dust jacket). If authors of technical articles in scientific Journals 
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can use the correct scientific terms (see article on “Liquid Propellant Rocket Motors” 
in J. Roy. Aero Soc., Jan., 1953) it should be easy for authors of books with less 
emphasis on the number of words allowed to be as precise. Rocketry is now a 
science; loose terminology is not permitted in other sciences and I see no reason 
why it should be permitted here. 

One more point, your correspondent is unfortunate in his choice of words 
i.e. ‘‘berate’”’ (line 6, page 1). I had no intention of berating Mr. Burgess whom 
I do not even know and considered my criticisms reasonably sound and unbiased. 


Lunar Accommodation 
SIR, 

The recent lecture “‘Planetary Engineering,” by Mr. E. Hope-Jones on 
Jan. 3, demonstrated the unusual difficulties of constructing buildings on 
the moon and planets, but did not, I feel, examine the fundamental question 
functionally. There is no known requirement for “‘buildings’’ in the traditional 
sense, as the primary need is to provide living accommodation on the moon 
in which men can breathe, sleep and work, without the encumbrance of space- 
suits. This requirement means that the living environment must be kept 
airtight, at an even atmospheric pressure, temperature and humidity and that a 
closed atmospheric cycle should be established if possible. The weight of 
material with which a living environment is to be built and kept in operation 
is very critical and so also, although it might not appear so at first sight, are 
the energy requirements to maintain the living environment. 

These considerations lead to the conclusion that all living accommodation 
must be situated in caves, if caves can be found, otherwise in narrow clefts 
below ground, in the vents of extinct volcanoes or in artificially blasted pits. 

If caves can be found, then all that would be required from Earth would 
be special balloon envelopes, air to inflate them and air-reconditioning apparatus. 
Lunar dust, which is thought to have very good heat insulating properties, 
would first be spread on the floor of the cave, and dust would also be spread 
to form the floor inside the “balloon” envelope to prevent punctures caused by 
walking on the envelope. It would probably be necessary to place one balloon 
inside another, with the outside balloon at about half the pressure of the 
interior balloon, to reduce differentials and to act as a safety measure. The 
roof of the cave would have to be inspected for loose rock and a false ceiling of 
netting might have to be spread a few feet over the balloon to ensure that no 
falling rock splinters could cause punctures. 

Very fine lunar dust might also be poured over the balloon if the walls of 
the cave absorbed too much heat. This would also serve to make any small 
air leaks visible as dust fountains. Some such leak indicator might be designed 
into the envelope fabric. 

If it is true that lunar crater “‘rays’’ consist of globules of metal condensed 
from vapourized metal caused by meteoric impact, then these could be collected 
during the daytime and piled in pyramids inside the envelopes on a fountain 
of dust. They would be covered with dust except for a small variable area to 
regulate the amount of heat required within the envelope. Another pile 
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outside the envelope could warm the side of the cave to avoid intense heat 
differentials. When exhausted, the metal could be “revitalized” by exposure 
to daylight. 

If no caves can be found the balloons should be put into deep pits sheltered 
fromthesun. Dust on the envelope and on light weight canopies would prevent 
heat loss. (Alternately aluminium foil radiation reflectors could be used.) 
If the site was at a lunar Pole—not in the shadow of a mountain—a sun-follow- 
ing reflector at the top of the pit could reflect sunlight through radiation 
“windows” in the canopies and envelope. 

It is appreciated that the first living accommodation would probably be 
provided by discarded parts of spaceships. Although the crew cabins must 
be designed to stand up to intense insolation on one side and intense reradiation 
on the other during their journey, the heat loss on the shaded side will not be 
so great when on the surface of the moon (in daylight) due to the random 
reflection from the landscape. Thus the cooling problem would be greater 
than in space while the heating problem during the night might be prohibitive. 
Thus even here it would be necessary to go “underground.” 

Whether or not the meteor danger is as great as some people expect, under- 
ground dwellings will reduce any such hazards. 

As far as the writer can judge there is no known requirement for any heavy 
“buildings” above ground level at all. Giant telescopes would need no struc- 
tural housing, only tin-foil radiation shelters to cool some parts of the instru- 
ments and to warm other parts by reflection to avoid extremes of expansion 
and contraction. 

The foregoing is not new and is fairly obvious, but still we see bubble domes 
enclosing model Barclays Banks and Brewers’ “‘Tile’’ architecture and useless 
structures in otherwise well informed artist’s impressions of lunar and Martian 
bases. 

We should try to forget traditional and utterly useless styles and techniques 
of architecture and construction when considering lunar and Martian bases. 
We cannot afford to wait until spaceships have been developed before we 
seriously examine and develop materials and new techniques for building. 


London. O. W. NEUMARK. 


The Martian Probe 
Sir, 

Since our paper was presented before the North-Western Branch, we have 
discovered that orbit II is not the best one. The characteristic velocity may 
be still further reduced by taking off from the Earth when it is at the descending 
node with the plane of the Martian orbit, travelling on a transfer ellipse in this 
plane, and landing on Mars at its descending node with the ecliptic. In this 
way only two velocity changes are needed, at take off and upon arrival in the 
final orbit. The characteristic velocity is reduced to 13-5 Kms. per second. 

In calculating all the characteristic velocities no benefit has been assumed 
from the Earth’s rotational speed, and no allowances are made for “‘g losses” 
and atmospheric friction losses. 

C. A. Cross AND E, BuRGEss. 
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Solar Power Plants 
SIR, 

Published studies on solar power plants for operation in space frequently 
assume high values for mirror reflectance. For example, Dr. H. Preston- 
Thomas uses the figure of 0-95 in a paper published in the July, 1952 Journal. 

It seems to me that prolonged exposure to pitting by meteoric dust would 
make it difficult to maintain such high values of reflectance in practice. 

It would be interesting to know whether any studies have been made of 
this problem, and whether any solutions have been proposed. 

S. W. GREENWOOD. 
Westbury-on-Trym, 
Bristol, Glos. 
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